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A B S T R A C T 
1. From the petroleiim ether extract of Heracleum candicans 
furocoumarins, heraclenin, S-geranoxjrpsoralen and a 
mixture of 8-geranoxypsoralen and imperatorin were 
Isolated. 
2, Benzene extract of H.candicans yielded heraclenol, the 
dihydroxy derivative of heraclenin* 
3» The structures of heraclenin and heraclenol as 8-(P,'*j( -
oxido-isoamyloxy)-psoralen and 8-(P ,"^-dihydroxy-
isoamyloxy)-psoralen respectively have been established 
on the basis of degradation and spectrometric - studies, 
4. Osthol and an ester of p-hydroxy cinnamic acid and 
fenchyl alcohol were isolated from the roots of Seseli 
sibiricum. 
6, From Angelica glauca Edgw, isoimperatorin, prangolarin 
and a new furocoumarin of the molecular formula ^VT^^O^Q 
have been isolated. A tentative structure on the basis 
of spectrometric studies has been proposed for the new 
compound. 
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I N T R O D U C T I O N 
ISTRODtJCTIOH 
the work describet In this thesis was carried out 
imder a scheme for the investigation of indigenous 
medicinal plants. Though eoumarins have heen Imown to 
possess toxic properties, systematic investigation of 
their varied physiological action, began with the isolation 
of psoralen type of compounds from the Egyptian plant 
Ammi majus, used since ancient times in the treatment 
of leucoderma. Since then the skin photosensitizing 
action and the anticoagulant properties of eoumarins 
have been studied thoroughly both in India and abroad and 
the structure-activity relationship has been reviewed by 
several workers, 
Various plants belonging to the family Umbelliferae, 
known to be a rich source of this class of compounds, 
were investigated and their coumarin constituents 
characterised. These included Heracleum candieans, 
Seseli sibiricum and Angelica glauca. From the first, 
the furocoumarin heraclenin (LXXIY) was isolated and 
its structure was shown to be similar to that of oxy-
peucedanin and prangolarin, from which it differs only 
in the position of the side chain. Apart from heraclenin, 
heraclenol (LXXVI) the dihydroxy derivative of hera-
clenin, 8-geranoxypsoralen (IXXXI) and a mixture of 
8-geranoxypsoralen and imperatorin (LXXX) were isolated. 
S-Geranoxypsoralen (LXXXI) has previously been reported 
from Citrus oil but its structure was not conclusirely 
proved. The isolation of a complex mixture of impera-
torin and 8-geranoxypsoralen^ which at first appeared 
to be the geometrical isomer of 8-geranoxypsoralen, 
made a reinvestigation of the nature of the side chain 
necessary* 
From Seseli sibiricum osthol and a derivative of 
fenchyl alcohol and p-hydroxycinnamic acid (LXXXVIII) 
were obtained and characterised. The essential oil 
constituents of this plant have already been analysed 
by earlier workers. 
Angelica glauca contains a number of coiimarins, 
from which prangolarin (XC) and isoimperatorin (LXXXIX) 
were separated and characterised. Apart from these two, 
a small quantity of a third coumarin was isolated and 
a tentative structure, based on spectrometric studies, 
is proposed. 
Preliminary pharmacological investigation of 
heraclenin (LXXIV) has shown it to possess better 
anticoagulant properties than sintrom. 
THEOBETIGAL 
A systematic in"9^ estigatioa of naturally occurring 
cotuiarins was first tindertaken by Spath in 1930s, The 
chemistry of a large number of substituted eoumarins 
and furocouMarins was studied, and various Methods of 
degradation were introduced by him. These included 
degradation of furocoumarins to furan-2,3-dicarboxylic 
1 
acid, and cleavage of the isoprenoxy side chain, either 
by sublifflation in vacuum, or by heating with acetic aeid-
2 
sulphuric acid mixture. 
At present about one hundred naturally occuring 
cotiKiarins are described in literature. All but six of 
these were isolated from plants, and the rest were 
isolated from animals or micro-organisms. In particular 
plants belonging to the natural order Orchidaceae, 
Leguminoseae, Rutaeeae, Umbelliferae and Labiatae are 
rich sources of this class of compcunds. Several 
coumarin glycosides have been found in nature but they 
are not as widely distributed as glycosides of some 
other related compounds such as flavones. Glycosides 
3 
of the corresponding o-hydroxy cinnamic acids are also 
known, with the o-hydroxy group blocked by combination 
with a sugar moiety. Umbelliferone (I) can be regarded 
HO-^^^<^:^^^(f^ 
as the precursor of most coumarins, as with few exceptions 
couiaarins are substituted in the 7-position» Of the *ix 
theoret ical ly possible hydroxy couiaarins, 3-hydroxy 
coumarin has not so far been found in nature, and 4-hydroxy 
derivatives are very rare e .g . dicoumarol (II),amffloresinol 
( I I I ) , ferulenol (IV). 
OH OH OK 
IV 
Frequently the oxygen atom at 7-position undergoes 
cyclls;ation to give rise to angular or linear furocoumarins 
or pyranocoumarins, such as isopsoralen (V), psoralen (VI) 
and xanthyletin (VII), There are only three reported 
examples of coumarins where another oaygen atom participates 
VI VII 
in formation of the third ring, for example alloxantho-
xyletin (VIII). 
H^CO 
VIII 
Many couraarins carry isoprenoid side chains of one, 
two or three tmits, either on one of the free positions 
on the benzene ring or in an ether linkage. 0-Methylation 
in coumarins is of common occurrance M t C-raethyl 
derivatives are rare, 4-Methyl-8-methoxy coumarin (IX) 
and 3-aethyl-4-hydroxy coumarin (IXa) are typical 
examples of C-methylated coumarins. 
IXa 
Methods of Isolation; 
Coumarins are usually isolated from the natural 
source by extraction in a soxhlet with petroleum-ether 
or benzene. Alcohol is avoided as it extracts too Much 
of phenolic products and makes purification very difficult. 
They usually crystallise from the petroleum ether extract 
either directly or on concentration. Failing this they 
have to be freed from non-acidic material by extraction 
with dilute : alkali, though here there is a danger of 
isoraerisation if a hydroxyl group at 5-position is 
present. Fractional crystallisation serves in soBie cases 
in separation of the coumarin mixture present in the 
extract though usually this is a very tedious procedure, 
and to avoid large number of crystallisations chromato-
graphic methods of separation are used. Here it is 
convenient to resolve the mixture first on ehromatostrips 
which gives an indication of the number of coumarins 
present and the adsorbent to be used for large scale 
separation on columns. W.L.Stanley, yfho employed silicic 
acid for the separation of citrus oil coumarins, has 
pointed out that the same solvent mixture can not always 
be used in separation on columns as on ehromatostrips. 
According to him for a coumarin which gives an R^ value 
of 0.6 on chromatostrips with a particular solvent 
mixture, the eluate to be used on column should be so 
adjusted that it would have given an R- value of 0.2 
on plates. Usually petroleum ether-benzene, petroleim 
ether-ethyl acetate and ethyl acetate-acetone serve as 
good eluants. Repeated chromatography is often necessary 
if the mixture contains too many coumarins or if the 
coumarins have about the same B-. value. 
Ultraviolet spectra of coumarins are fairly 
characteristic and servei to distinguish them from other 
impurities. Though there is no specific reagent for 
coumarins, they usually give fluorescent deep yellow 
6 
solution with alkali. Phenolic coumarins do not always 
give a colour reaction with ferric chloride. 
The double bond of the side chain can easily be 
reduced over palladium-charcoal, the 3,4-double bond 
requires hydrogenation tuader pressure. The dihydro-
coumarins, in turn, can be dehydrogenated smoothly to 
the corresponding coumarins by heating at 230 with 
7 
palladium-charcoal, 4*,5*-dihydrofurocoumarins can also 
be similarly dehydrogenated. 
Selective ozonolysis is also possible as the side 
chain undergoes cleavage more readily than the furan 
ring and the latter more readily than the 3,4-double 
bond. Though ozonolysis is generally employed to obtain 
information on the position of the double bond in the 
side chain, chromic acid in acetic acid is also used for 
8 
the same purpose and cleaves the terminal isopropylidine 
unit as well as the corresponding hydroxy, dlhydroay 
and epoxy derivatives. Alkaline hydrogen peroxide 
destroys the benzene ring to give furan-2,3-dicarboxylic 
acid, but as the presence of furan system can be usually 
established in other ways (red colouration on heating In 
concentrated hydrochloric acid with p-dii^thylamino 
benzaldehyde, ultraviolet and Infrared spectra) and 
gives no information on the position of the faran ring 
it is now seldom used. 
Ultraviolet Spectra8 
Spectroscopic data on a large number of naturally 
8,9,10 
occurring coumarins has been recorded in literature and 
attempts have also been made by several authors to 
establish a correlation between absorption pattern and 
11-14 
structure, which could be helpful in gaining some insight 
Into the structure of uz^ oiown compounds of this group. 
However, this has not been entirely successful and 
structural assignments on this basis have to be made 
with some caution. The spectra of coumarins are, however, 
sufficiently characteristic to allow members of this 
group to be distinguished from other phenolic plant 
products, taken together with the absence of dlagonistic 
colour reactions. 
9 
Simple substituted coumarins as well as the parent 
compound show two zones of absorption of about equal 
intensity, the first in the 270-290 m^icdog^: 4.0) the 
second in the 300-330 m/a(log ^  3.5) regions. The 
spectra are essentially similar to those of the corresponding 
trans cinnamic acids as can be seen from the following 
valuess 
Name ;smax(mAjL) Log^ 
2-Hydro3cy-6-me thoxy-
trans-cinnamic acid 225,300 4.15, 4,3 
2.5-Dimethoxy-trans-
cinnamic acid 220,278,340 4.12,4.17,3.85 
2,4-Dihydroxy-trans-
cinnamic acid 216,290,330 4.08,4,0,4.05 
2 j3-Dihydroxy-trans-
einnamic acid 218,286,320 4.17,4.3,3.65 
Introduction of hydroxyl or methoxyl in 5,6 or 
8-position of the couraarin molecule does not bring about 
the expected increase in intensity and the long wave-
length shift. In 7-hydroxycouraarin (I), however, the 
two maxima seem to coalesce to give a single high intensity 
12 
maxim^um, at 325 r&AX* 
This is in contrast to the benz-V -pyrone system 
such as that of the flavonoids where substitution 
specially in para position to the carbonyl is associated 
with a marked bathochromic shift and an increase in 
10 
Name 
Coumarin 
6-Hydro^ couraarin 
6-Methoxy couraarin 
6-Hydroxy coumarin 
6-Methoxy cotmarin 
7-Hy(3roxy couBiarln 
7-Methoxy coijiiarln 
S-Hydrojy coumarin 
8-Methoxy coumarin 
15 
i n t e n s i t y . This may be in te rp re ted to mean tha t the 
cont r ibu t ion of polar s t ruc tu res such as X and XI i s 
A max.(m/u.) 
276,312 
245,300 
246,301 
224,276,348 
225,275,335 
326 
218,318-23 
210,254,289 
251,286 
loge 
4.1,3.6 
3.81,4.07 
3.76,4.1 
4.3,4.02,3.€ 
4.4,4.04,3.e 
4.0 
4.11,4.17 
4.05,3.94,4. 
*3 .i7,4.X 
X 
^ 
V 0 
XI 
not as pronounced here as in the case of benz-'Y -
pyrones (XII). 
This behaviour can be compared with that of aceto-
16 
phenone and benzoic acid. The K and B bands of the 
former occur at 240 mxx(loge 4.11) and 278 ffi/u.(loge^ 3.04) 
11 
respectively, whereas of the latter are at 230 m/O-
(log^ 4.0) and 270 m ^ l o g ^ 2,90) respectively. This 
is In agreement with the fact that delocalisation of 
electrons from acidic functions is less favoured than 
that from the keto functions. 
10 
According to Manginin and Passerini the absorption 
maxiimim in the region 300-333 m<<j4.s due to the combination 
of all the resonating structures of coumarin and the 
maximum in the region 270-290 m^ i^ ls due to antisymmetric 
combination of the polar structures only. 
14 
Among disubstituted coumarins Bohme et al observed 
a bathoehromie shift for 6,7-, and a hypsoehromic shift 
for 5,8-dihydroxy coumarins. Methylation of hydroxyl, 
in agreement with previous findings in phenolic compounds, 
does not alter the spectrum appreciably. Acetylation 
also follows the general rule and reverts the spectral 
pattern to that of the parent compound. 
Studies in alkaline medium showed that coumarins 
are not stable in aqueous alkaline medium, undergoing 
ring opening along with oxidative changes to a (juinoidal 
system, specially when resorcinol or hydroquinone is 
formed on ring opening* However, according to Bohme the 
lactone ring of coumarins and substituted derivatives is 
stable towards alcoholic soditim methoxide. They further 
observed that ring opening laider these conditions begins 
12 
to be noticeable after about 24 hours and proceeds ouch 
more slowly in the case of 5 and 7-hydroxy coumarins 
than in the 6,8-substituted derivatives idiich they 
associate with the enhanced stability of the polar 
structures. 
This makes it possible to infer the presence of free 
phenolic groups and can give an indication of their 
position as well. (Ferric chloride colour is generally 
not very clear with coumarins)• 
Furocoumarins have an additional band which occurs 
at the same value 247 Bi,ain both psoralen and angelicin. 
However, psoralen has a further low intensity aaxiraum at 
330 mM-dog^ 3,4), The 330 m^tband is absent in the 
spectrum of xanthotoxol. The presence of 247 m^band is 
suggestive of the presence of furan ring but the maximum 
persists even on hydrogenation of the furan ring* 
Mass Spectroscopys 
Mass spectrometry has now found extensive use in the 
study of plant products but not much work has been done in 
the field of oxygen heterocyclic compounds, Barenes 
17,18 
and Occolowitz have studied mass spectra of a number 
of simple compounds of this class. According to them 
coumarins under the impact of electrons readily lose GO 
from the pyrone ring to form an ion having benzofuran 
structure. This has been established by the very close 
13 
s imi l a r i t y in spectra of the two compounds. Their findings 
19 
were l a t e r confirmed by Vulfson et a l . 
In the spectrum of coumarin (XIII) the re i s a strong 
molecular ion peak (146, 76^) and a base peak 28 u n i t s 
lower (118,100^) formed d i r e c t l y from i t by the loss of 
oxygen as CO, 
GHI-CVH^' 
'-^III 76$g^ "" lOOjg 43% 35^ 
The second oxygen atom is again lost as CO as shown 
by the metastable transition 118-90=28 to give a strong 
peak at m/e 90 (43^) corresponding to CyHg ion of uncertain 
structure. There is another strong peak at m/e 89 (35^) 
due to loss of a hydrogen atom from the ion of mass 90, 
The spectrum of dihydrocoumarin bears some resemblance 
to that of ooumarin, both showing two consecutive losses 
of 28 units, probably due to the removal of osygen atoms 
as CO, but the presence of two methylene groups in 
dihydrocouraarin gives rise to the possibility that one 
of the 28 units may arise from removal of an ethylene 
molecule. The fragmentation in the case of simple 
substituted derivatives follows the expected pattern. 
The spectrum of 7-methoxycoumarin (XIV) gives the molecular 
ion as base peak (176, 1005^) and then a peak at m/e 148(82jf) 
14 
4- 4-
XI7 100^ 82?S 
+ 
+ 
12Jg 27?^  
due to loss of 03cygen as CO. The ion thus formed Instead 
of splitting out oxygen as CO loses a methyl radical to 
give a strong peak at 133 (83^) due to an ion probably 
stabilised by a quinonoid structure. The remaining two 
oxygen atoms in the ion m/e 133 are lost, as expected, 
as CO to give finally the phenyl radical ion. 
Fragmentation of furocoumarins follows the same scheme. 
The spectrum of angelicin has the molecular ion peak at 
m/e 186 (73^) and a peak 28 units lower (158, 100^), due 
to loss of CO, as the base peak. The remaining oxygen 
atoms are then removed as_CO. Wherever in furocoumarins 
the loss of a methyl radical from a methoxyl gives rise 
to a quinonoid structure there is no fission between the 
aromatic ring and ether oxygen. For example xanthotoxin 
(X7) in its spectrum shows molecular ion as the base peak 
(216, 100^) and the ion due to the loss of CH3 (201). 
r 
r ^ ^ 
-+-
56J^ 
IS 
SYNTHESES OF FUROCOOmRIHS 
The reported sjrntheses of farocoumarlns, with fev 
exceptions, have followed two general routes. 
(i) The starting material contains the furan or 
dihydrofuran ring and the lactone ( '-<-pyrone ring) 
is subsequently introduced, 
(il) The starting material contains the lactone ring 
(ben2-o<-pyrone) and the linear or angular furan 
ring is then introduced. 
Both these methods were initially developed by Spath 
and subsequently modified by others. 
1$ From 6"hydro3cycoumarans3 
20 
This method was first described ty Spath in 1936 
for the preparation of psoralen (VI) and its derivatives 
21 
using Pechman*s coumarin synthesis. The starting material, 
a suitably substituted benzofuran was itself prepared by 
him through the following sequences 
C0<^^2^ 
CHp""*^ OoH 
CH(OH) -f- H O 
I 
COOH XX XXI 
16 
Conversion of the couaar^none (XVI) to coumaran (XX) 
22 
was bropght about by Sonn* s method and involved the 
elimination of mE^ from the amino conqjoxind (XVIII) ly 
heating the eorapotind or its aqueous solution for 2 hours. 
This general procedure was modified to some extent 
23 24 
by Homing and Reisner who used theHi5©g#li reaction with 
chloroacetonitrile for the preparation of ketone XVI and 
then reduced this catalytically. They found that the 
catalytic hydrogenation proceeded with good yield only when 
compound XVI had previously been acetylated. Condensation 
cocil 
^^ Ad 0' 
XXIII" XXII 
of XX with malic acid in presence of concentrated sulphuric 
acid then gave 2»,3»-dihydropsoralen (XXI), although the 
yield of the pure material was low, 
COOH 
•^  CH. 
I ^ 
CH(OH) 
Homing and Reisner also investigated the dehydro-
genation of 2*,3*-dihydropsoralens» Catalytic 
XXI 
17 
dehydrogenation of heterocyclic compoiinds containing 
nitrogen as the hetero atom had been extensively stndied 
but very little information was till then available on 
the dehydrogenation of oaygen heterocycles. The dehydro-
genation of dihydrocouraarins and a few hydrogenated 
7 
furoeoumarins was first investigated by Spath, The method 
generally consisted in heating a mixture of the compound 
with palladium black to 170° or higher, followed by 
distillation to remove the product from the catalyst, 
however, yields were low and usually below 20^» 
According to Homing dehydrogenation can be carried 
out with better results by the use of palladium black in 
some high boiling solvent and he observed that best yields 
were obtained with diphenyl-ether as solvent, 
26 
Lagercrantz synthesised dihydroxanthotoxol (XX7I) 
from 6,7-dihydroxycmimaraa-a«ne(XXIV) by the same procedure, 
He, however, found that acetylation of the hydroxyl prior 
to hydrogenation was not essential. 6,7-Dihydroxycoumar&a 
(XX7) was then converted to dihydroxanthotoxol (ZX7I} by 
Pechraann synthesis* 
XXIV XXV 
COOH 
CH(OH) 
COOH XXVI 
18 
Yields in the Peehmann reaction are mostly low and 
cyano acetic acid and e thyl acetoacetate have been used 
with improved res\alts. Starting from 1,2,4,6-tetraffletho3y 
27 
benzene (XXTII) Horton and Paul synthesised isopinpinallin 
(XXXVI) and its derivatives through the following steps 
(XXVII-XXXVI) • The couraaran-S-one (XXX) covald be converted 
to the coumaran (XXXI) either by (i) direct hydrogenation 
of the compound or its acetate in presence of Ni, <^1 Ciil by 
reduction with lithium aluminium hydride followed by 
hydrogenation over palladium charcoal. 
OCH3 OCH3 OCHs 
0(!H3 OCH3 
XXXVI XXXV 
0CN5 
XXXIV 
19 
28 
Esse and Christ®nsen have described the synthesis 
of a series of 3,4-dialkyl-2',3'-dihydropsoralenes and 
have also dehydrogenated these to the corresponding 
derivatives of psoralen. e-Acetoxycoumaran (XXIII) was 
condensed with ano<-all^l-P-keto ester to from 3%alkyl-2* ,3* 
dihydro-4-methyl psoralen. With the exception of 2* ,3'-
dihydro-4-methyl-3-inyristyl psoralen all other conpotinds 
prepared were dehydrogenated by re fluxing in phenylether 
in the presence of palladium charcoal. 
r::^^ 
CH^ 0 
CH3-CO-CH- C-O-CgHg 
CH3 
XXXVII XXXVIII 
lis from 7»hydroxy-o~for!Bylcoamarinss 
Starting from 7-hydroxy-8-foriByl coTimarin (XXXIX) 
29 
Spath in 1935 synthesised angelicin (V). tXXIX was 
obtained by the action of hexamethylene tetramine on 
umbelliferone (I) in glacial acetic acid for 5 hours* 
Condensation of this with iodoethylaceiate and subsequent 
hydrolysis of the earbethoxy methoxy derivative gave the 
corresponding earboxy methoxy formyl derivative (XLI) which 
2o 
was cycl ised with a c e t i c anhydride sodimm ace ta te t o give 
ange l i c in (V), 
+ICH2CO2C2H5 
\NctQCH2, 
XXXIX 
4: Ac.O 
O vAfaOAcQ 
H O j C - c H i cm 
4- HaO 
/ / ^ Q D . C - ' C H , CHO 
XLI -^  ^ - - XL 
Rodighiero in 1956 synthesised xanthotoxin (XK) ^ the 
same procedure• 2,6-Dihydroxy-l-iaethoxy-6-foraiylbenzene 
(XLII) was condensed in a lka l ine mediTim with cyanoethyl-
ace t a t e t o give 7-hydroxy-8-^tho3cy-3-carboxycoufflarin(XLIII) 
which was decarboxylated by heat ing a t 270^/100 am with 
calcitim carbonate t o y i e l d 7-hydroxy-8-methoxy coumarin 
(XLIV). On treatment with hexamine in ace t i c acid (XLIV) 
was converted t o i t s o - fomyl der iva t ive (XIV), condensation 
of which with bromoethylacetate and subsequent c y d i s a t i o n 
of the product with a c e t i c anhydride gave xanthotoxin* 
0CH3 
XLII 
CN 
I 
2 
CO2C2H5 
COCH 
XLIII 
-CO. - > 
21 
HsC^^OjZH^CO 
OCIA-. 
32 
31 
Llmaye prepared angular CtiTOCoynjstrin i derivatives from 
7-hydro:^-4-methyl-8-acylcotimarin by its condensation 
with chloroacetic acidjfallowed by ring closure with 
acetic anhydride and decarboxylation to the angular 
furocoumarin. The linear furocoumarins synthesised by him 
involved 6-acyl-4-methyl umbelliferone (XLVII) as inter-
mediate, which was readily obtained by Fries rearrangement 
of 4-methyl umbelliferone acetate (XL?I). The S-isomer 
formed alongside in the same reaction was separated 1^ 
fractional crystallisation. On condensation with bromo-
ethylacetate in sodium ethoxide, JL711 gave the carbethoxy 
methoxy derivative (XL) of the acylcoumarin. This was 
hydrolysed to the corresponding carboxy methoxy acyl 
coumarin (L) which could be smoothly cyclised with acetic 
anhydride to 4,3*-dimethylpsoralen (LI). This procedure 
33 
was utilised for the synthesis of a number of furocoumarins. 
22 
V \ 3 C 0 C 0 V : ^ ^ 0 ^ HO 
XLVI 
k\^C, , < ^ 
CH3 (J CH5 
0 = 9 XLVIII 
LI 
0 
XLVIl\ftvCM:jCO«Et 
^*^^ IL 
COOEt. 
A useful variation in this method was introduced hy 
34 
Ray et al who substituted chloroacetone for bromoethyl-
acetate and thus avoiding Fries rearrangement which gives 
poor yields 
CH3 
^ ^ acH.CDCHs 
- ^ 
HO-'^'^^^O^ H3C-0 
LII 
-^3^ 
V 
LI 
35 
Shah and Shah prepared psoralen derivatives without 
any substitution in the pyrone ring, using 7-hydroxy-8-
acetyl or benzoyl coumarin as an intermediate, condensation 
of which with bromoacetic ester and subsequent cyclisation 
gave 3'-methyl or phenyl isopsoralen, 
36,37 
Recently Kaufman has described a new method for the 
synthesis of linear and angular furocoumarins, involving 
o-allyl-7-hydroxy-coumarins (LV) as intermediates. This 
method is based on the known conversion of o-C^ j'Jf -dibromopropy: 
23 
38 
phenylacetate to 2-methyl benzofuran. The 8-allyl-7-
hydrosy couaarin (LV) can be easily obtained by Clalsen 
rearrangement of 7-allyloxy coumarin (LIV) at 216 . 
Bromination and acetylation of LV gave o-(p,V -dibromo-
propyl)-7-acetoxy-coaiaarin (LVI) which on cyclisation 
with potassiulii hydroxide in ethyl alcohol afforded 2'-methyl-
angeiiein (LVII). 
Hr^C^HC-H^CO 
.2/5 
LIV 
kOH 
0r ^ 
LVI 
As migration of the allyl group takes place preferen-
tially to the 8-position this method can be applied for the 
synthesis of linear furocoumarins only when the 8-position 
has been blocked. This is partly avoided by effecting 
the migration before theo<-pyrone ring cyclisation and 
separating the two isomers which are now obtained in about 
equal amounts. Thus resorcinol menoacetate (LVIII) was 
converted to 3-allyloxyphenyl acetate (LIX) which underwent 
Claisen rearrangement at 215°, The hydrolysed products 
were ccmdensed with ethylacetoacetate and the mixture of 
24 
8-allyl-7-hydrox3r coumarln (IX) and its 6-isomer(LXI) were 
resolved by coliiBin chromatography on alumina and then 
converted as above to angular and linear furocoumarins by 
the above sequence of reactions. 
HO 
HC f ^ 
LVIII 
?H3 
^^K CO2C2H5 
A 
\ 
CO 
0 i\^ CHg 
h^C-^HC-CHfL 
H^c'^y^ 
17 &nr2. 
8-Allyl-7-hydroxycoumarin (LV) was oxidised by ozonised 
oxygen in ethylaeetate and the ozonide reduced over 
40 
palladium-carbon to give T-hydroxycoumarin-S-acetaldehyde 
(LXII) which was cyclised to angellein ^  by polyphosphoric 
acid at 100 
25 
H5P^4-
LV LXII 
Similarly psoralen was obtained when demethyl 
siabrosin (LXIII) was subjected to the above sequence of 
reactions. 
Oris HsL 
i 
LXIII VI 
Ills From Pyrono-eotimarinss 
Trivedi and Sethna have used coumarino-7,8-c<-pyrones 
as intermediates in the preparation of furocoumarins. 
7-Hydroxy-3-broiHO-4-methyl coumarin (LXIV) was condensed 
with malic acid to afford 3-bromo-4-methyl coumarino-7,8-
c<-pyrone (LX?). Hydrolysis with ethaholic potassium 
hydroxide gave the furocoumarin carboxylic acid derivatives 
which on decarboxylation gave the furocoumarin (LX7II). 
C^, 
HO-^^^^-^ 
LXIV LXV LXVI LXVII 
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PHYSIOLOGICAL PROPSREIES 
Coamarin is narcotic for some animals and a sedative 
42 
and hypnotic for mice. Some larger animals can be killed 
by coumarin btit moderate quantities have no very marked 
effect. Spath found that certain coumarins have a slight 
toxic effect on rats, mice and guinea-pigs. Spath and 
44 
Kuffner demonstrated that natural coumarins have a powerful 
effect on fresh-water fish. Simpler coumarins have little 
action but the compleac members, e.g. furocoumarins are toxic 
in very small doses. 
Apart from this the more recent pharmacological investi-
gations have been directed mainly towards the following: 
(a) Skin photosensitizing activity. 
(b) Anticoagulant activity. 
(c) Antibacterial activity. 
Skin Photosensitizing activitys 
Skin photosensitizing action of certain plant juices 
and extracts has a very early history but the correlation 
of this property to the presence of furocoumarins in these 
45 
plants was first definitely established in 1938 by Kuske. 
46,47 
In 1947, Fahmy and Abu-Shady isolated xanthotoxin (X?), 
bergapten and imperatorin from Ammi majus seeds, a drug 
long in use in Egypt in the treatment of leueodermic spots. 
48 
Subsequently El Mofty carried out extensive clinical trials 
and found it effective in the treatment of Vitiligo. 
27 
The structure-activity studies carried out by Masajo 
49,50 51,62 
and Rodighiero and by Pathak showed that the niaxiaium 
activity is possessed by the parent compound, psoralen ill) 
whereas the other structurally related compounds have 
reduced activity. Comparative studies have shown that the 
presence of free phenolic groups deactivates the molecule 
but alkylation offsets this to some extent. The activity 
is also gradually reduced with the lengthening, of the 
alkyl side chain. Again introduction of nitro-, amino, 
acetyl amino groups also deactivates the parent compound. 
Nuclear substitution vrith methyl groups at 4, -2* , 3' or 
8-position may or may not inhibit activity but a methyl 
group at 3-posltion invariably brings this about. They 
have also shown that linear furocoumarin structure is more 
active than the angular one and that psoralen (VI) is mach 
more active than angelicin (7), isobergapten and allo-
bergapten. 
Little is known of the mechanism of the photodynamic 
53 
action of these compounds. Fowlks believes that light is 
absorbed by the photosensitizer molecule or a complex of 
the photosensitizer with protein or nucleic acid. This 
may be followed bys 
(i) Chemical combination of Photosensitizer with a 
sensitive cell constituent. Or 
(ii) Oxidation of the sensitive cell constituent. Or 
28 
(ill) Indirect excitation of the cell constituents ^ich 
through chemical changes inhibits vital cellular 
activities. 
54 
Pathak and Fellman noted that furocoumarins having 
photosensitizing action possessed absorption and fluorescence 
peaks of 320-360 and 420-460 m^respectively and those 
absorbing outside this range were inactive. They have also 
shovm that long wave length ultra violet radia1;ion is 
required to initiate the response of the skin to the coumarins 
It is believed that the skin response is associated with 
the capture of the radiant energy of proper wave length and 
that any change in the molecular structure, substitution 
pattern etc. which disturbs this specificity leads 
invariably to decreased activity. Thus absorption of light 
of a specific wave length followed by emission of light of 
another wave length in intimate contact with sensitive 
cellular component is thought to be crucial to the success-
65 
ful photosensitizing action. Kadiogheiro and Capellina 
have shown that furocoumarins are dimerized under the 
influence of ultra violet light, but the dimers are inactive, 
66 
Pathak et al have suggested that free radicals may be 
generated from the excited furocoumarins molecule under 
ultra violet light. 
An interesting chemical reaction of flavin mono-
nucleotide (FMN) with furocoumarins was observed by Musajo 
57 
et al in 1961. They foiand that FMN reacts only with 
photodynamically active furocoumarins and the reaction 
29 
products appear to have •undergone some modifications in the 
furan ring. Thus FMN vas found to possess antagonistic 
action toward the erythen^l response expected from psoralen 
type molecule. 
In spite of all these investigations the clear cut 
mechanism whereby furocoumarins function in the treatment 
of leucoderma is unknown. Although the biological reactions 
58,59 
leading to the formation of the skin pigment, melanin have 
been clarified, there is no indication yet that cotamrins 
are involved here. 
Anticoagulant Activity? 
While studying the toxic principle of spoiled cloverhay, 
60 
link in 1941 showed that coumarin derivatives possess 
antidoagulant properties. This toxic principle, causing 
serious hemorrhagic conditions on cattle was found to 
be dicumarol, 3,3•-methylenebis-(4-hydroxy coumarin) (II). 
Following this observation the relationship between 
structure and the anticoagulant activity was examined by 
several workers. 
61 
Link found that the minimum structural requirement for 
the anticoagulant activity was the presence of intact 
4-hydroxy coumarin nucleus with a substituent at 3-position. 
62 
Later on Mentzer and his associates also observed that this 
tjrpe of ari^ngement was needed, although subsequent work 
has shown it to be a non-essential feature. 
30 
The anticoagulaiit activity of the coumarin molecule is 
considered to be antagonistic to vitamin K activity in which 
the anticoagulant competes with vitamin K in the hlood 
clotting mechanism. In vivo it has been shown that presence 
of counarin reduces the blood prothrombin concentration 
thereby increasing the blood clotting time. Since coumarins 
are structurally similar to vitamin K they can compete with 
vitamin K for the apoenzyme and thus exert antivitamin K 
a:ctiv-ity, 
63 
In keeping with the above view Chielewska and Cieslak 
have suggested that the structure essential fbr vitamin K 
activity is expressed by formulae LX7III and LXIX. IXVIII 
arises by the biological oxidation of the side chain of 
vitamin K, They have suggested that the o-auinoidal group, 
CHa 
LXVIII IXIX 
0sC-C»CH2, acts as the active centre, the hemiketal group 
serves for the attachment to the protein part of the enzyme. 
According to this view the coumarin type antivitamin K 
compotands possess only the hemiketal linkage and no active 
centre, and can thus successfully compete with vitamin K 
for the apoenzyme. But the two active coumarins, dicumarol 
(II) and 3-(l'-phenyl--n-propyl)-4-hydroxy coumarin (LXXjdo 
not possess the hemiketal linkage, therefore they do not fit 
31 
into this hypothesis. It has been suggested that these 
probably first undergo biological oxidation in 2-pesltion, 
Oi-i ^ OH 
but even so there are certain antivitamin K compounds with 
an anticoagulant activity superior to that of dicumarol (II) 
•whose activity can not be explained by their;hypothesis. 
Calophylloide (LXXI), the naturally occurring coumarin is 
an excellent anticoagulant but is not a 4-hydroxycoumarin. 
H3CO 
Recently Arora and Mathur in their studies of a number 
of coimaarin derivatives have generally supported the Chielewste 
hypothesis in the case of 4-hydroxycoumarins. They have 
found that methylation of 4-hydroxy group potentiates the 
activity but additional loading of the molecule can inhibit 
tne rif 
32 
the aetivity depending upon the location of the groups • 
Methylation at 8-position had a special potentiating effect. 
According to them the general features that could be 
essential for the antivitamin K activity are molecular 
shape, six memberedhejt^ ??P.cy^ 2llc system such as a cyclic 
acetal, a suhstituent at the 8-position and etherefication 
of free phenolic groups. They, however, believe that the 
activity is governed not only by individual structural 
features but by a combination of several features which can 
not be explained as yet. 
Antibacterial Activity; 
Antibacterial activity is also shown by some coumarins. 
Coumarin itself is a mild antibacterial substance but 
65,66 
dicumarol (II) has excellent activity against certain 
67 
bacteria. Cavallito suggested that the predominantly Gram 
positive activity of lipophyllic dicumoral (II) is accoxmted 
for by the association of hydrophylic properties with 
Gram-negative activity.and lipophylic properties with Gram-
68 
positive activity, Ukita and co-wo»kers observed excellent 
activity by 3-acetyl-4-hydroxy coumarin against certain 
bacteria. 
The most important antibacterial agent of this type 
69 
is novobiocin (LXXII) isolated from fungae metabolite of 
streptomyces niveus and is widely used in medicine. Amide 
derivatives of novobiocin and 3-amino-4^7-dihydroxy-8-methyl 
coumarin are commonly used in oily ointments due to their 
better oil solubility. 
33 
LXXII ^^i 
70 
Chartreusin (LXXIII) is another coumarin antibiotic 
isolated from the metabolite of streptonnyces chartreusis. 
30 
It is also predominantly effective against Gram-positive 
organism but it is toxic and has not been commercially 
exploited. 
Digitalose-Fucose — Q 
LXXIII 
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DISCUSSION 
Heracleum candlcanss 
Heracletm candicans grows abtindantly at higher 
71 
altitudes in Kashmir iirtiere it is used in folk medicine for 
a variety of skin affections. This plant was collected 
in October and the air dried roots were extracted soon 
after collection to avoid changes in the contents following 
prolonged exposure to air and light. The extracts were 
preserved in dark as the TLC pattern was found to vary 
after prolonged exnosure to llaht. 
CouMARiNs F R O M Hc«NBic*t4s 
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The dried roots were extracted first with petroleim 
ether and then with benzene. The petroleum ether extract 
deposited a solid on slight concentration and cooling whereas 
evaporation of the benzene extract left a gummy residue 
which was purified by column chromatography over silica gel 
and crystallised from ethyl acetate-heara,ne mixture, 
72 
Thin layer chromatography (Fig* 1) of the solid obtained 
from the petroleum ether extract showed four fluorescent 
spots under an ultraviolet lamp, Eesolution of the mixture 
over silica gel strips was sufficiently sharp to suggest 
that it would be suitable adsorbent for separation of larger 
amounts on columns but it was later found that acetic acid 
deactivated alumina gave somewhat better results. 
On elution of the column with petroleum ether and 
petroleum ether-benzene mixtures the following products were 
obtained from different fractions: 
Petroleum ether 100^ Solid melting point 53-54*^  
Petroleum dsher-benzene Rhombic melting point 82-83 
(5sl) crystals. 
Petroleum ether-benzene Crystals melting point 111° 
(Isl) from 
methanol• 
The solid obtained from the benzene extract was found 
to be homogeni&ous by TLC and after crystallisation from 
ethyl acetate-hexane had melting point 116-117°, 
The product melting point 111 (heraclenin (LXXIV) is 
the major component of the mixture and was investigated first. 
36 
Heraelenins 
Heraclenin (LXXIV) m.p. 111^ was obtained in a yield of 
1.8^ from the roots of Heracleum candicans. Preliminary 
examination of the coiapotind showed it to be optically actiye, 
r -1^ 2 
W s+22 (pyridine), sparingly soluble in cold and 
^ -D 
completely soluble in warm aqueous alkali. This^along with 
the absence of any ferric chloride colouration^ suggested 
that the compound was a lactone. The alkaline solutions of 
the compound had an intense yellow colour which has previously 
been reported as a characteristic property of compounds 
6 
possessing a coumarin nucleus. Heraelexim candicans belongs 
to the natural order Umbelliferae and members of this natural 
order, specially those classified in the genera;!Heracleum 
invariably producer furocoumarins. The foregoing tests and 
the spectroscopic and subsequent degradative evidence showed 
that the above compound too was a derivative of the linear 
furocoumarin. The optical data such as infrared, ultraviolet 
and NMR spectra of the compound were in agreei^nt with a 
2^-40 66 80 500 20 40 '60 
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ftirocoumarin structure, Coumarins usually exhibit three 
niaxima in the ultraviolet spectra, at 210-20, 245-265 and 
295-315 mAX» Ultraviolet absorption curve (Fig. 2) of 
heraclenin (LXXIT) was almost sxiperimposable on that of 
imperatorin (LXXX) • Ultraviolet absorption fails to 
distinguish between simple co\marins and furocouaarins, 
the regions of absorption being almost identical in the 
two casesjbut the infrared spectrum is more informative 
here. Infrared spectra of a number of furocoumarin have 
73 
been reported in literature and by comparison of these 
with those of simple coumarin, the following bands have been 
assigned to the furan system, 820, 866, 1095, 1620, 3126 
-1 
and 3175cm • Almost all of these bands were found to be 
present in the infrared spectrum (Fig. 3) of heraclenin 
(LXXI7), which was again very similar to that of imperatorin 
and showed further the absence of a hydroxyl band. 
4coo Sooo 
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NMR spectroscopy has been applied more recently to 
74-77 
cOTmarins \mt already sufficient information regarding 
the chemical shifts of different protons is available and 
allows assignments of NMR signals to he made with some 
certainit^ HMR spectrum of heraclenin (Fig. 4) shows a 
doublet where the methyl protons occur (9.0 'T). The 
doublet is due to different chemical shifts produced by a 
different steric arrangement of the two methyl groups around 
the epoxide ring and not due to one proton splitting by the 
methine proton of an isopropyl group, as the doublet of 
the latter is not of equal intensity whereas here the Vo 
signals are of equal intensity. Besides the methine 
proton of the isopropyl group should give rise to a raultiplet 
not present in the spectrum of heraclenin. This indicated 
the absence of a methine proton and suggested that the 
Fig. 4 
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epoxide ring is present "between the 6 , V carbon atoms. 
The p-proton (CH of the side chain) gives rise to a triplet 
(6.71 Y) and twoc<-protons (CH2 of the side chain next to 
the oxygen atom) to a doublet (5.43 t ) . The remaining 
signals occurring further downfield are due to protons of 
LXXIV 
the lactone, benzene and furan rings. Out of these the 
doublet at 2,32 Yean be assigned;to one proton at 4, the 
doublet at 3.89Tto proton at 3, and the doublet at 3.22T' 
to proton at 3* , which is in analogue with the signals of 
this proton in oroselol. The signals for proton at 2' merge 
with the doublet for the proton at 5, showing a small 
inflexion due to absorption of the solvent. 
In furocoumarins substituents are usually located 
either at position 5 or 8. There are also examples of 
furocoumarins which are substituted in the furan ring but 
of these vary few are known. 
The couraarino-coumarones of the type ofmdelolactone, 
psoralidin belong to a more complex group of naturally 
occurring compounds containing a coumarino-eoumarone nucleus. 
Compounds of this type have been isolated from several 
plants belonging to different families and are not characteris-
tic of the natural order urabelliferae, 
40 
Heraclenin (LXXIT) analysed for Oj^QEy^O^ and showed 
the absence of both active hydrogen and m^thoxy groups. 
With the evidence already cited for the presence of a 
furoGOumarin nucleus, this establishes the nature of three 
of the oxygen functions, A fourth can be assigned to the 
ether function, which usually provides the linkage with 
the side chain. The side chain itself should then be a 
CgHg one, and it should also contain the remaining oxygen 
atom. In the absence of active hydrogen and methoxy as 
shown by analytical data, the oxygen can only be present 
in an oxiran ring as indicated by the NMR spectrum. Chemical 
studies to confirm these features were carried out largely 
on the same lines as were adopted by Spath in his work on 
similar furocouimarins. This consisted of cleaving the ether 
linkage with the side chain and examining the substitution of 
the coumarin nucleus by further oxidative degradation. Spath 
also described the behaviour of coumarins containing an oxiran 
ring present in the side chain which was employed to establish 
with certain!ty the presence of this ring in heraclenin. 
For the cleavage of the ether linkage glacial acetic 
acid containing a few drops of concentrated sulphuric acid 
was used, and this gave good results provided the reaction 
mixture was not overheated. In the case of heraclenin, 
heating on a water bath for 45 minutes proved quite 
sufficient, and the cleavage product could be isolated and 
o 
crystallised easily. Heating the reaction mixture to 130 
41 
as was done by Spath in some cases resulted in extensive 
charring and crystalline products could not T^e isolated* 
Treatment as above led to the isolation of jcanthotoxol 
(LXXV), but it was found that the isolation auad crystallisa-
tion of this compound was much easier, if the crude product 
was directly acetylated or methylated to acetyl xanthotoxol 
or xanthotoxin (XV) respectively. The identity of these 
products was established by comparison with authentic 
samples. The nature of C5 residue had to be determined in 
the intact molecule itself and the same experiments as 
were carried out on oxypeucedanin and byakanglicol by Spath 
78 
and co-workers and Noguchi et al were found to provide the 
necessary evidence for the presence of an epoxide ring 
between the 3 j"^ carbon atoms of the Cg side chain• Thus 
it was found that treatment with dilute aqueous oxalic acid 
solution at water bath temperature gives rise to a diol 
(LXX?I) Cj^ gHigOg m.p, 117 . An attempt was made to convert 
this to the correspSnding acetate but unlike the diol 
obtained from oxypeucedanin by Spath, the diol from 
heraclenin did not form a crystalline acetyl derivative. 
With dilute mineral acids heraclenin isomerised to a 
ketone which has been named isoheraclenin (LXXVII) in 
acco3rdance with the nomenclature adopted by Spath in case 
of the ketone obtained from oxypeucedanin. Isoheraclenin 
(LXXVII) analysed for the theoretical value ^IQ^JA^S *^^ ^^^ 
42 
LXXX 
0~CH^-CH C< CM. -^W^-C-^K 
LXXVII 
-CH3 
CH3 
LXXIV 
CM3 
LXXVTII 
:co 
IXXVI 
O H 
-CH, -CH-C-C 
OH CH 
LXXIX 0 
43 
a doublet in the car"bonyl region in its infrared spectrum. 
It also foriaed a 2,4-dinitrophenylhydra2one« 
Presence of a terminal isopropyl group was further 
established by oxidation of heraclenin (LXXIV) with chromium 
trioxide when acetone was foriaed and could be identified as 
its 2,4-dinitrophenylhydrazGne derivative. The second 
product of the oxidation 8-W-carboxymethoxy 4*,5' ,6,7-
furocouioarin (LXXVIII) could be isolated from the reaction 
mixture only as its methyl ester (LXXIX) which was readily 
formed with diazoaethane and gave the reqtiired OIQBLQPQ 
analytical values. This acid had previously been synthesised 
79 Q 
by Schonberg and Sina who reported a melting point of 210 
o for it. The compound obtained by us melted at 215 . A 
comparison with their material has not been possible. 
The structure of this compound was further confirmed 
by infrared comparison with oxyimperatorin^synthesised 
according to the procedure of Spath^who synthesised both 
oxyimperatorin and oxypeucedanin, in connection with the 
80 
investigation of masterwort coumarins. 
While this work was in progress presence of this 
furocoumarin in Prongas pabularia was reported by Russian 
81 
workers. The reported melting point of th#i-rPro<^ c^t is 3 
higher than that of heraclenin and identical with the 
melting point of oxyimperatorin prepared synthetically with 
perbenzoic acid. 
44 
8-Ge ranoxypsoralen t 
o o 
The two products melting point 53-54 and 82-83^ here-
after referred to as A (LXXXI) and B respectively^ were 
obtained in comparatively smaller amountsj,. the former only 
in tracesy. from the petroleum ether extract. Both gave 
typical colour reactions of furocouraarins and the ultraviolet 
spectra of the two showed absorption in regions associated 
with furocouraarins. The ultraviolet spectrum of the lower 
melting product A (LXXXI) showed absorption at 215 (log^4,51) 
248 (log^4,42) and 298 m AX (log ^  4.43) 5 that of the higher 
melting product B at 217 (log-^ 4.47) 248 (log ^  4.42) and 
298 ffl/udog^. 4.05). Infrared spectra (Figs. 5 and 6) of 
the two products were almost superimposable, the only marked 
difference being the absence of 10.6x4 band in the spectrum 
of B. As against this close resemblance in their spectros-
copic properties solubilities of the two products differed ,r-. 
Fig. 5 
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considerably, A being soluble in petroleiam ether from which 
it was crystallised, while B was insoluble in petroletim 
ether and was crystallised from methanol. 
Analysis of A (LXXXI) agreed with the formula C21H24O4 
indicating the presence of a C^ o^^ ig ^ ^^® chain but the 
analytical values for B could not be fitted into a reasonable 
formula. Repeated elementary analysis gave more or less 
identical values thus ruling out any experimental error in 
analysis, the results of two determinations being as follows? 
(i) C, 72.02; H, 5,86 
(ii) C, 72.18; H, 5,82 
These values work out for an empirical formula CggHoiOg* 
increasing hydrogen by one to get an even number of hydrogen 
atoms ^o<^2^b requires: C, 72,11; H, 6,05, which is in 
fair agreement with the above values for carbon and hydrogen. 
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Methoxyl and active hydrogen determinations were negative 
and the absence of hydroxyl function was also evident from 
the infrared spectrum. The close similarity between the 
two products, further emphasised by subsequent degradations, 
suggested strongly that both the products were derivatives 
of psoralen with a C^Q side chain but leaves an extra carbon 
atom and an oxygen function still to be accounted for in B, 
The extra oxygen in B could possibly be present in an oxiran 
ring, however, there is no way of accounting for the excess 
carbon. This made it very likely that B was contaminated 
with some impurity even though the melting point of the 
product was very sharp and did not show any variation on 
repeated crystallisations. Thin layer chromatography using 
a number of solvent systems failed to bring about any separa-
tion and both products A and B ran side by side on chromato-
strips. 
Cleavage of the side chain in A and B could be effected 
easily by treatment with mineral or organic acids at water 
bath temperature and gave in both cases xanthotoxol and a 
fragrant oil. The latter was identified by vapour phase 
chromatography, and throiigh its 3,6-dinitrobenzoateyas 
geraniol. Ozonolysis of both A and B gave acetone and 
leavulinic aldehyde (LXXXII) which rules out any double bond 
migration under the conditions of cleavage reaction and 
provides confirmation for the presence of a geranyl side 
chain in both the products. Isolation of identical cleavage 
47 
products from A and B can be explained either by assuming 
the presence of some impurity in one of the products or 
by the existence of cis-trans isomerism, which is to say 
that the side chain is attached as in LXXXIII or LXXXIV 
and the nerol formed from LXXXIV undergoes immediate 
rearrangement to geraniol during the cleavage reaction. 
This woxild have been in keeping with the close resemblance 
of infrared and ultraviolet spectra of the two products 
and the variation in the elementary analysis of B from the 
required values would then be due to the presence of traces 
of some impurities. 
LXXXIII ^ LXXXIV 
8-Geranoxypsoralen (LXXXI) has been previously reported 
4 
in literature by W.L.Stanley and co-workers, however, these 
authors have not suggested any reason for assuming the 
presence of a geranyl in preferance to a neryl side chain. 
Besides they have assumed the presence of a geranyl side 
chain only on the basis of analytical values and isolation 
of xanthotoxol and they failed to get any leavulinic 
aldehyde (LXXXII) on ozonolysis. The melting point of the 
o 
product reported by them was 61-62 but the sample kindly 
provided by them had melting point 53-64°in hand and showed 
no depression on mixed melting point determination with A. 
48 
The identity of the two compotinds was further established 
by infrared comparison of their spectra hut the exact 
nature of the compound isolated by Stanley had still to be 
determined, 
82 
Becently Bates and co-workers re-examined the nature 
of the side chain in the antibiotic mycelianamide, obtained 
from Penicillium griseofulvum. NMR spectroscopy indicated 
that the side chain was as in L3CXXIII or USXVf rather than 
as in LXXX7 or LXXXVI as originally suggested on the basis 
83 84 
of Birch reduction and isolation of acetaldehyde on ozonolysis. 
Synthesis of the two possible geometrical isomers under 
stereospecific conditions finally confirmed the structure 
(LXXXVII) shown belows 
-/ 
LXXXV IXXXVI 
\ 
H-^C 
tXXXVII 
A similar procedure was adopted to clarify the nature 
of the two products here isolated. KMR spectrum of 'A' 
(Fig. 7) had all the signals expected of a psoralen deriva-
tive with a C^Q side chain. The spectrum of «B» (Fig. 8) 
49 
on the other hand showed certain discrepencies which coTild 
he accoianted for only on the assumption that 'B* was 
contaminated with certain amoTint of a psoralen derivative 
Fig. 7 
Fig. 8 
60 
having a Cg side chain. The HMR spectrum of 'B' showed a 
dotihlet at 4,827^ due to 0-CH2-C=!C protons which would be 
expected from both Cg and C^ Q^ compounds but absorption at 
7.91 "V can arise only from the methylene protons 
(C=C-CH2-CH2-C=sC) of a C-^Q compound .The integrated 
intensities of the two peaks show a 2si ratio in favour 
of O-CHg-CsC protons indicating that the side chain must 
consist of three times as much Cg as C^^Q. The Cg component 
can only be imperatorin (IJCXX) because degradation of this 
would also give rise to the same phenol, xanthotoxol (IXSV). 
This was confirmed by preparing such a mixture of the two 
compounds (A + imperatorin) which had the exact melting 
point of the product 'B* and showed no depression in melting 
point on admixture with it. It was further noticed that 
such a mixture does not separate on chromatostrips and 
otherwise behaves as a single entity. This was finally 
83 
confirmed by Birch reduction of 'B* which gave 2-ffiethyl-2-
butene and trans-2,6-dimethyl-2,6-octadiene (methyl-
geraniolene), identified by VPC. These findings were also 
confirmed by a synthesis of 8-geranoxypsoralen(LXXXI). 
This was at first atten^ted by the procedure employed by 
85 
Chatterjee and Chaudhary for the synthesis of bergamottin 
but this method did not succeed, it could, however, be 
79 
synthesised by the method of Schonberg and Sina by reflux-
ing xanthotoxol (LXXV), geranyl bromide in dry acetone over 
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LXXV 
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HOHgC-HGsC-HgC-HgC-HCsC 
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anhydrotis potassiiim carbonate. The product after purifica-
tion gave no depression in melting point on admixture with 
A (LXXXI). 
This proved unambiguously that the product 'B* is a 
mixture of 'A' with imperatorin (LXXX) and that 'A* itself 
is 8-geranoxypsoralen (UDQCI), Isolation of *B' is not the 
result of a chance separation as chromatography of the 
crude coumarin mixture consistently gave 8-geranoxypsoralen 
o'n elution with petroleum ether^ and the above mixture *B* 
of imperatorin and 8-geranoxypsoralen LXXXI with petroleum 
ether benzene 5si in the ratio already mentioned. Had this 
been the result of a simple retention of some 8-geranoxy-
psoralen (LXXXI) on the column^which is then subsequently 
washed down along with imperatorin contained in the coumarin 
mixture, a definite ratio between the quantities of two 
products would not have been the case. It is possible 
that imperatorin forms some sort of a complex mixture with 
a fixed amount of 8-geranoxypsoralen (LXXXI), 
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Coiimarlns from the Benzene extract: 
Heraclenol (IXXVI) m.p. 116-117°was obtained from the 
"benzene extract of the roots, had the characteristic 
coumarin properties, gave intense yellow colour with alkali 
and a wine red colour with concentrated STilphuric acid. 
Ethanol 
The ultraviolet spectrum (Fig. 9), A i - 249(log^ 4.24), 
max. 
305 (log^ 4.0) and 320 m/u.(log^ 3.88) was again very 
similar to that of imperatorin (LXXX) suggesting it to be 
furocoumarin derivative. 
Empirical formula of heraclenol (L3aC7I) corresponds to 
^16%6^6» iiidicating that it has one oxygen atom more than 
heraclenin (LXXIV). It did not form an acetate and gave no 
colouration with ferric chloride but the infrared spectrum 
(Fig. 10) clearly showed the presence of the hydroxyl band 
15 
Fig. 9 
54 
at 2,9 m*a. Cleavage of the compoiuad as in the case of 
heraclenin gave xanthotoxol (LXXV), identified by comparison 
with an aiithdiitic sample and ruled out the possibility of 
substitution in the nucleus. Both the oxygen atoms were 
thus shown to be present in the side chain and one of them 
at least as a hydroxyl function. From considerations of 
its co-occurrence with heraclenin, it appeared very likely 
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that the epoxide ring of the latter had been cleaved here 
to give rise to a dihydroxy compound. This was confirmed 
by treatment of heraclenol with phosphorous pentoxide in 
toluene solution when a ketone (LXXVII) identical in melting 
point with the one obtained from heraclenin was obtained. 
Further, the dihydroxy compound (LXXVI) formed when heraclenin 
was treated with oxalic acid did not depress the melting point 
of heraclenol and this definitely confirmed its structure as 
8-O , "j( -dihydroxyisoamyloxy) -psoralen. 
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Seseli slblrlexams 
71 
Seseli sibiricum Benth is a shrub growing widely in the 
higher moimtaineous regions of North Western Himalays. The 
plant collected from Jammu and Kashmir is locally used for 
a variety of skin ailments under the name of Bhootkeshi. 
Prolonged extraction of air-dried roots of Seseli 
sibiricum with petroletim ether yielded an oily material 
with strong odour of essential oils. As a detailed 
investigation of the volatile constituents of this fraction 
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had already been reported by Handa and co-workers, an 
attempt was made to isolate any cyrstalline constituents 
from the plant extracts. For this purpose the oily material 
was chromatographed over alumina, on eluting the column 
with petroleum ether again an oily material was obtained 
but this when kept in ice-chest for several days deposited 
colourless crystals which could be recrystallised from 
petroleum ether melting point 84-85°. The ultraviolet 
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spectrum (Fig. 11) of this compound showed maxima in the 
region where couHarins are known to absorb and in other 
properties also it resembled coumarins. 
The compound analysed for C^ gH^ g^Og and one methoxyl, 
indicating the presence of an isopentenyl side chain i«rtiich 
could not, however, be cleaved in the normal mauiner and 
appeared to be directly joined to the ring carbon atom. 
This suggested that compound could be osthol melting 
56 
o ^^ 
point 84-85 , which was further confirmed by oxidation to 
an acid lilting point 253-54 , which agreed well with the 
reported melting point of ostholic acid, acetone obtained 
alongside was identified as its 2,4-dinitrophenylhydrazone. 
Further just like ostholic acid this acid cotild be decarboxy-
lated to 8-raethyl-7-methoxy coumarin melting point 136-37 • 
The identity of coumarin with osthol was established 
by comparison with an authentic sample obtained from the 
Regional Eesearch Laboratory, Jammu. 
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Fenchyl p-hydroxy climaaates 
When the petroleum ether ©luate on evaporation to 
dryness showed the absence of essential oils, the coliaam 
was el-ated with benzene. The benzene fraction on evapora-
tion to dryness left a viscous mass which was crystallised 
from methanol melting point 215-16°• It was found to be 
present in the plant to the extent of 0»1 per cent. It 
analysed for C1L9H24O3, was optically inactive,insoluble 
in alkali and did not give the characteristic colour of 
coumarins with alkali. The ultraviolet spectrum (Fig. 12) 
had ;^ raax. 230(log ^  4,19) and 320 m-u.(log 4, 4.45) which 
also indicated that the compound was not coumarinic in 
nature. But as the ultraviolet spectrum compared favourably 
89 
well with that of p-hydroxycinnamic acid and the infrared 
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spectrum showed distinctly the presence of an ester carbonyl, 
it seemed likely that the compotmd vas a derivative of 
p-hydroxycinnamic acid. Further as the infrared spectrum 
also showed the presence of hydroxyl group, the compound 
could only be an ester of p-hydroxycinnamic acid and not 
joined to the alcohol by ether linkage, with ferric chloride 
the compound gave green colouration, it formed an acetate 
melting point 95° and also reacted with^bhereal solution 
of diazomethane but the methyl ether could not be induced 
to crystallisation, however, it showed that the compound 
contains a free hydroxyl group. 
On slightly heating with dilute alkali it decomposed 
giving rise to a camphor like odour. The same odour was 
observed on treatment with dilute acids. The compound was, 
therefore, taken up in dilute methanolic potash and warmed 
for some hours on a water bath, the methanol evaporated in 
vacuum and the residue taken up in water. The aqueous 
extract was extracted with ether and then acidified and 
again extracted with ether. From the first ether extract 
on evaporation an oily, slightly coloured substance was 
obtained which could not be crystallised but as it had a 
distinct odour of can^hor it seemed likely that the compound 
belonged to this class. It was distilled in vacuum when 
a few drops of colourless oil were obtained which solidified 
on keeping in an ice-chest to give needles melting point 
35-40®, It formed a crystalline p-nitrobenzoate melting 
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point 107-109 which corresponded with the melting point 
90 
of fenchyl p-nitrobenzoate. Its identity was finally 
confirmed by comparison of its infrared spectram with the 
spectrum of an authentic sample of fenchyl p-nitrobenzoate. 
The second ether extract afforded a solid which was 
crystallised from petrolenm ether and then sublimed under 
o 
vacuum, melting point 210-212 , It formed an acetate 
melting point 208-210 and methyl ether melting point 175 . 
These melting points were in agreement with p-hydroxy-
91 
cinnamic acid and its corresponding derivatives* The 
identity was further confirmed by comparison with an 
authentic saop;^ ®* 
The compound was thus shown to have the following 
structure which was further confirmed by its synthesis 
from p-adetdxjrcinnamoyl chloride and fenchyl alcohol • 
LXXXVIII 
C^^ 
p-Hydroxyeinnampyl chloride itself did not react with 
fenchyl alcohol in the desired manner and appeared to 
have undergone intermolecular condensations giving rise 
to polymeric products. 
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The co-occurrence of fenchyl p-hydroxycinnamate, osthol 
and other essential oils in Seseli sibiricum is an interest-
ing feature biogenetically as esters of monoterpenic alcohols 
with cinnamic acid have not been reported so far» 
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Angelica glauca Bdgys 
92 
Angelica glauca Bdgw locally called Chora or Chura 
is a shrub growing in the higher regions of Kashmir, It 
is used locally as a cardiac stiaiulant and in the treatment 
of dyspepsia and consMpatton, The aroiaatic root is a 
flavouring agent• 
Though other memhers of the genera Angelica have been 
investigated both in India and abroad, this particular 
93 
specie has so far received scant attention. The plant 
occurs abundantly, but is scattered over wide areas and 
the ripening season of the fruits is short. Only a small 
quantity of the seeds could, therefore, be collected for 
the present investigation. 
Extraction with hexane and concentration of the extract 
gave a dark green solid which was dissolved in ether and 
freed from acidic impurities by extraction with sodium 
bicarbonate. Evaporation of the solvent and crystallisa-
tion of the residue from ether-hexane mixture gave yellow 
crystals melting point 90-105°, 
The above solid was found to be inhomogeneous on thin 
2 
layer chromatography (Fig. 13), Separation was effected 
over a column of alumina and afforded three crystalline 
o o o 
products melting points 109-110 , 103-104 and 119-120 . 
The first two were identified as isoimperatorin (LXXXIX) 
art 
and prangolarln (XC), Isoimperatorin has already been 
reported from other members of this genera but prangolarin 
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Fig. 13 
has only recently been isolated from Prangos pabularia by A. 
6 
Chatterjee et al. The third compound forms less than 7% 
of the total coumarin mixtiare and in all about 400 mg« of 
the purified material could be collected. 
LXXXIX XC 
Elementary analysis agreed with the formula ^xi^l^^e 
Methoxyl estimation showed further the presence of one 
raethosyl. A coumarin of the above formula having the same 
63 
melting point has so far not been reported and the compound 
thus appeared to be new. The qiaantity of the corapoimd was 
not sufficient for chemical degradation and the proposed 
structure is based on its ultraviolet, infrared, NMR and 
mass spectra. The ultraviolet spectrum (Fig, 14) was 
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characteristic of 6,8-disubstituted furocoumarins having 
absorption at 222,250,268 and 310 m u . The infrared 
spectrum (Fig. 15) clearly showed the presence of hydroxyl 
band at 2.85 <<JL and g-lactone (5.75/U). The compound does 
not form an acetate and hydroxyl thus appears to be 
tertiary. The NMR spectrum (Fig. 16) is In agreement with 
a furocoumarins structure substituted both in 5 and 8-
positions. A pair of doublet ( Y = 1»75 and 3.65; 
J. 10 c/s) can be assigned to protons (4) and (3) res-
pectively, the signals at 2.4rcan be assigned for proton 
(2M and at 2.95 *y for (3!). Furthermore the spectrum 
has signals fot methpxyl and hydroxyl protons. On the 
Fig.16 
D.: 
basis of above studies the following two structures XGI 
and XGII are tentatively assigned to the compound which 
agree with its mass spectrum fragmentation pattern (Fig.17) 
OH 
H5C. 
0^^^3 
H^^ \ 
C-^^:f--^:f^-^ 
CH 
Xv«x i 
Thus the mass spectrum shows the molecular ion as the base 
CHo 
peak (318) and the ions due to loss of CHo (303), >COH 
CH 
(244), C^HT^O + CHg (202) and CO + COCH3 (174). ^The rest 
of the spectrum was very similar to that of 5,8-disubstituted 
furocoumarins. 
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EXPERIMENTAL 
All ultraviolet spectra were measured on a Bechmann 
Model DU or DB instrument/ either in 95^ ethanol or 
methanol. Infrared spectra were recorded on a Perkin 
Elmer Infracord^ either in Chloroform solutions or as 
mulls in nu^ol. NMR spectra were recorded at the Chemistry 
Department, University of Arizona and at the Chemistry 
Department, University of Liverpool, England on Varian A-60 
spectrometer in CDCI3 with tetramethylsilane as internal 
reference. Mass spectra were also recorded at the 
Chemistry Departa^nt, University of Liverpool England. 
All the melting points recorded in this thesis 
were determined on a Kofler block and are uncorrected. 
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Preparation of chromatostrlpss 
Silica gel (250 g.) and starch (5 g.) were made into 
a slurry with distilled water (250 cc). The slurry was 
then heated on a boiling water bath for 10 minutes with 
constant stirring. It was then spread over clean, dry 
glass plates (20x7 cm) to a thin layer of about 250XX and 
the plates were dried in an oven at 110-120 for 45 minutes. 
The chromatostrips were cooled to the room temperature, 
and kept at the same temperature for 15 minutes before use. 
A spot of the substance to be chromatographed^was 
applied about 3 cm. from one end of the plate and it is 
then introduced with the spotted fuid downward into a chamber 
containing the developer and previously saturated with the 
same solvent. The spots were made visible under ultraviolet 
light. 
Deactivation of aluminas 
Aluminium oxide (chromatographic) (1 kg.) of E.Merck 
was deactivated by shaking in a mechanical shaker for two 
and a half hour with 10^ aqueous acetic acid (50 cc). 
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P-griflcatlon of Solvents^ 
1. Petroleum ethers 
Petroletun ether usually contains some unsaturated 
hydrocarbons (chiefly aromatic). These are removed by 
shaking it two or three times with 10^ of the volume of 
concentrated sulphuric acid; it is then vigorously shaken 
with successive portions of concentrated solution of potassium 
permanganate in 10^ sulphuric acid untill the colour of 
permanganate remains unchanged. The solvent is then 
thoroughly i^shed with water, dried over anhydrous calcium 
chloride and then distilled. It is kept dry over sodium 
wire. 
2. Benzenes 
Commercial benzene contains thiophene which can not 
be removed by distillation due to their close boiling points 
The commercial benzene is shaken repeatedly with 15^ of its 
volume of concentrated sulphuric acid untill the acid layer 
is colourless or very pale yellow on standing for some 
time. The benzene is then washed twice with water to remove 
most of the acid and dried over anhydrous calcium chloride, 
After filtration the benzene is distilled and the fraction 
between 80-81 ^^  is collected. It is then kept over sodium 
wire. 
3. pyridines 
It is purified by refluxing over sodium or potassium 
hydroxide and then distilled with careful exclusion of moisture 
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and kept over soditim or potassliiiB hydroxide. 
4. Chloroforms 
The commercial chloroform contains about 1% ethyl 
alcohol as stabiliser and it is removed by shaking five 
or six times with half its volunre of water, then dried over 
anhydrous calcium chloride and distilled. Stored in 
coloured bottles. 
5. Ethyl acetates 
Ordinary ethyl acetate usually contains some water, 
ethyl alcohol and acetic acid. A mixture of ethyl acetate 
(11.) acetic anhydride (100 ec) and concentrated sulphuric 
acid (10 drops) i$ refluxed on a water bath for 4 hours 
and then fractionated. The distillate is then refluxed 
with anhydrous potassium carbonate for 1 hour and distilled 
with careful exclusion of moisture stored in a tightly 
stoppered bottle. 
6. Acetones 
The acetone is refluxed with successive small quantities 
of potassium permanganate untill the violet colour persists. 
It is then distilled and the distillate refluxed over 
anhydrous potassium carbonate and then fractionated. 
7. Ethers 
The technical grade ether is shaken three or four times 
with large excess of water, and then dried over anhydrous 
calcium chloride. The ether is then filtered and distilled 
in a dry clean Winchester bottle and kept over sodium wire. 
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Heraclemn candican^s 
Petroleum ether extracts 
Powdered air dired .; roots of Heracleiim candieans 
(5 kg.) were refluxed with petroleum ether (60-80°) 2@ litres 
on a water bath for 20 hours. The extract was then filtered 
off and the operation repeated twice. The combined extracts 
on cooling gave (150 g.) a yellowish white solid. The solid 
was filtered off and the filtrate concentrated under reduced 
pressure to 2 litres. The concentrated extract on keeping 
in a refrigerator for three days yielded another crop of 
160 g. of a solid. The material thus obtained constituted 
about 6% of the dry roots. 
Separation of the coiimarinss 
A column (4 x 100 cm) was packed by deactivated alumina 
(500 g.) made into a slurry with petroleUm ether (40-60°) 
when the column has properly set the crude mixture of 
coumarins (10 g.) dissolved in minimum amount of benzene 
was poured on it and the columci was then eluted with 
petroleum ether (40-60 )• The eluate on concentration gave 
an oily residue (250mg) which crystallised from large excess 
of petroletim ether (40-60 ) in stout, colourless needles 
melting at 50-52 . Further crystallisations from the same 
solvent raised the melting point to 53-54°, 
The column was then eluted with petroleum ether-benzene 
mixture (5si) eund the eluate^ on removal of the solvent^ gave 
a colourless solid mass (500 mg.) melting within a range of 
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10 , After repeated crystallisation from methanol^it 
o 
melted at 82-83 . 
Final elution of the eolumn with petroleum e ther-
ben2i;ene mixture (Isl) gave a solid mass (3 g.) melting at 
106-109*^. It was re crystallised to a constant melting 
o 
point 111 from methanol. 
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Heraclenins 
o 32 
Heraclenin melting point 111 , (o<.) = + 22 (pyridine), 
D 
;vmax. 250 (log4-4.31) and 305 m>u.(log^4.02), obtained from 
the petroletim ether-benzene mixture (1:1) eluate, analysed 
for the following data. . 
Analysiss Found C, 67.08; H, 4,99 
C16H14O5 requires:C, 67.12? H, 4.93^. 
Xanthotoxol: 
Heraclenin (1 g.) was dissolved in glacial acetic acid 
(20 cc) containing concentrated sulphuric acid (20 drops). 
The reaction mixture was heated on a boiling water bath for 
30 minutes, cooled and poured on crushed ice contained in a 
260 cc beaker. The gummy product which separated out was 
sublimed at 190-200^(bath); 1 mm. Crystallisation of the 
sublimate from methanol gave slightly yellow crystals of 
xanthotoxol melting point 248-49 , 
Analysis? Founds C, 64.98; H, 3.14 
Calculated for C^iHgO^; C, 65,35; H, 2.99^ 
Xanthotoxol acetate; 
Xanthotoxol (500 mg.) acetic anhydride (5 cc) and 
fused sodium acetate (100 mg.) were refluxed together on a 
sand bath for 1 hour. The mixture was cooled and poured 
over crushed ice contained in a 250 cc beaker. The solid 
precipitated was filtered through a Hirsh fiinnel and washed 
free of sodium acetate with distilled water. Crystallisa-
tion from methanol gave colourless crystals melting point 178 
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Analysis! Founds C, 65.62; H, 3.51 
Calculated for C^ a^HgOgS C, 63,94; H, 3.30^ 
Xanthotoxlna 
Xanthotoxol (200 mg.) dissolved in methanol (5 cc) was 
treated with diazomethane in ether. The reaction mixture 
was allowed to stand at room temperature overnight. The 
removal of the solvent gave an oily residue which was 
dissolved in benzene and chromatographed over deactivated 
alumina. The benzene eluate on concentration gave yellowish 
coloured rhombic crystals of xanthotoxin melting point 
146-147°. 
AnalySsist Founds C, 66,27; H, 3.61 
Calculated for C5_2Hg04S G, 66.67; H, Z.1Z%, 
Xanthotoxin nitrates 
Xanthotoxin (200 mg.) dissolved in glacial acetic 
acid (2 cc) was treated with concentrated nitric acid 
(sp.gr. 1.42) (0.5 cc) at room tea^jerature. The reaction 
mixture was allowed to stand for \ hour and diluted with 
water when yellow mi^rsoc^stallifEneedles separated out. 
The nitrate was filtered, washed well with water to remove 
the last traces of acid and then crystallised from ethanol 
in bright yellow needles melting at 237®. 
Heraclenin hydrates 
A suspension of heraclenin (200 mg.) aed water (50 cc) 
was heated on a water bath for 10 minutes and oxalic acid 
(60 mg.) was then added and the heating continues for another 
10 minutes. The reaction mixture on cooling gradually 
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deposited a crystalline solid. This-was washed free of acid 
and then crystallised from ethyl acetate to give colourless 
o 
crystals of heraclenin hydrate melting at 117-118 . 
Analysis* Fomids G, 63.28; H, 6.39 
C-j^ gH^ gOg requires: C, 63.15; H, 5.30^. 
Isoheraclenip-g 
Heraclenin (1 g.) was dissolved in dry toluene (50 cc) 
and the mixture was brought to boiling. Phosphorous 
pentoxide (4 g.) was then added to the boiling solution and 
heating continued for another 10 minutes. The reaction 
mixture was cooled, filtered, and the filtrate was diluted 
with ether (500 cc). The ether-toluene layer was first 
washed with water, then with 5% aqueous solution of sodium 
bicarbonate and finally with water and dried over anhydrous 
sodium sulphate. The solvent was filtered and concentrated 
to dryness under reduced pressure. The r§sidue was 
o 
crystallised for ether, melting point 132-134 , It forms 
a crystalline 2,4-dinitrophenyl hydrazone, 
Heraclenin (200 mg.) was heated on a water bath with 
10^ aqueous sulphuric acid (20 cc) for ^ hour. The reaction 
mixture was cooled and the solid which separated out was 
washed with water, dried in a desiccator and crystallised 
from ether melting point 132-134°. 
Analysis? Founds C, 67,33; H, 5.06 
^16%4^6 requires: C, 67.12; H, 4.93^, 
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Heraclenlnic acids 
(8~M~carboxymeth'oxy»4* .5* .6.7~furoeQTiinariy^ ^ 
To heraelenin (3 g.) dissolved in glacial acetic 
acid (45 cc) chromiiam trioxide (1.2 g.) dissolved in 
50^ aqueoTis acetic acid (6^ cc) was added and the reaction 
mixture was allowed to stand at room temperature for 
24 hours. It was diluted with water and extracted with a 
large excess of ether. The ethereal layer was washed 
well with water and dried over anhydrous sodium sulphate. 
The solvent was filtered off and concentrated to dryness 
under reduced pressure. The reddish brown residue thus 
obtained was dissolved in methanol (10 cc) and treated 
with diazomethane in ether. The reaction mixture was 
allowed to stand overnight and the solvent was removed. 
The methyl ester was dissolved in the minimum amount of 
benzene and chromatographed over a column of acetic acid 
deactivated alumina. The benzene eluate gave a yellowish 
solid which on crystallisation from methanol melted 
at 146-147? 
Analysis2 Founds C, 61.165 H, 3.73 
^ 1 4 % 0 % req,"^ ir®s C, 61.32; H, 3.68^. 
The above ester (0.3 g,) was re fluxed with 505? 
aqueous acetic acid (16 cc) for 1 hour. The reaction 
mixture was cooled, diluted with water (35 cc) smd allowed 
to stand at room temperature, when a yellow solid separated 
out. Crystallisation from ethanol gave pale yellow 
o 
crystals melting at 215 • 
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AnalyslsJ FoTinds C, 59.86; H, 3.30 
Calculated for C^sHgOgS G, 60.01| H, 3.10^. 
Acetone; 
The heraclenin (1 g.) dissolved in glacial acetic 
acid (15 cc), chromium trioxide (0.4 g.) dissolved in 
50^ aqueous acetic acid (20 cc) was added and reaction 
allowed to stand at room temperature for 24 hours. It 
was neutralised with a solution of sodium hydroxide with 
constant cooling and immediately steam distilled. The 
distillate was directly collected in an aqueous solution 
of 224-dinitrophenylhydrazine sulphate when an orange-red 
precipitate of acetone 254-dinitrophenylhydra2one was 
obtained. It was crystallised from acetone free methanol 
melting point 124-125^. No depression in melting point 
was observed when admixed with an authentic sample. 
Partial synthesis of heraelenins 
Imperatorin (800 mg.) was dissolved in chloroform 
(5 ec) and a solution of perbenzoic acid (500 mg.) in 
chloroform was added with constant shaking. The reaction 
mixture was allowed to stand at room temperature for three 
days, diluted with ether. The ether-chloroform layer was 
washed with 5% aqueous solution of sodium bicarbonate and 
then with water and dried over anhydrous sodium sulphate 
The solvent was filtered off and concentrated to dryness. 
The residue was dissolved in benzene and chromatographed 
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over acetic acid deactivated aluBdna. The benzene eluate 
on evaporation gave thick viscous product which on crystalli-
sation from "benzene-petroleum ether mixture melted at 
114-115°, identical with that reported by Spath, 
Analysiss Founds C, 67,19? H, 5.07. 
Calculated for ^XQ^^A^Q' C, 67.12} H, 4.935^ . 
^ 
b 
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S-Geranoxypsoraleni 
o 8-Geranoxypsoralen melting point 53-54 , A max. 
215 (log<-4.51), 248 (log f 4.42) and 298mxA(logf 4.13) 
which was obtained from the petroleiim ether el-oate of the 
column gave the following analytical datas 
Analysis? Foimds C, 74.32; H, 6.73. 
Calculated for <^2l^24p4^ >^ 74.09; H, 7.11^. 
Xanthotoxols 
8-Geranoxypso3falen ' (100 mg.) was dissolved in 
glacial acetic acid (2 cc) and after adding concentrated 
sulphuric acid (2 drops) the mixture was heated on a water 
bath for 20 minutes. The reaction mixture was cooled to 
room temperature and then poured over crushed ice in a 
beaker. The separated solid was sublimed at 190-200° 
(bath)/ 1 mm. The sublimate was crystallised from ether 
melting point 248-249°. 
Analysis! Founds C, 66.08; H, 3.14 
Calculated for C^ j^ ^^ HgO^ s C, 65.36; H, 2.99^. 
Xanthoxtoxol acetates 
Xanthotoxol (100 mg.) acetic anhydride (2 cc) and 
fused sodium acetate (20 mg.) were refluxed on a sand 
bath for 1 hour and then worked up as dsscribed earlier, 
Xanthotoxins 
Xanthotoxol (100 mg.) dissolved in methanol (4 cc) 
was treated with an excess of ethereal solution of 
diazomethane and the reaction mixture allowed to stand 
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overniliht and then worked up in the usual manner, 
Xanthotoxin nitrate: 
Xanthotoxin (100 mg.) in glacial acetic acid (1 cc) 
was treated with concentrated nitric acid (sp. gr, 1.42, 
5 drops) at room temperature and then worked up as 
described earlier, 
Geranyl acetates 
S-Geranoxypsoralen (1 g.) and glacial acetic;.4eid;(l cc 
were heated together in an oil hath at 115-120° for 1-^  
hour and the reaction mixture was allowed to stand at 
room temperature overnight. It was extracted five times 
with n-hexane and the combined hexane extracts were washed 
with b% aqueous solution of sodium bicarbonate and then 
with water and dried over anhydrous sodium sulphate. 
The solvent was filtered off and the filtrate evaporated 
to dryness. The residue thus obtained was distilled in a 
micro distilling apparatus under vacuum. The pleasant 
smelling oil thus obtained was identified as geranyl 
acetate by superimposable IR spectrum of an authentic 
sample as well as by vapour phase chromatography. 
Geranyl alcohols 
Geranyl acetate (200 mg.) was refluxed with 10^ 
methanolic potassium hydroxide (10 cc) for 2 hours on a 
water bath. The solvent was removed under reduced pressure 
and the residue diluted with water. The aqueous extract 
was extracted with hexane and the hexane layer was washed 
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with water and dried over anhydrous sodium sulphate. The 
solvent was filtered off and concentrated to drjmess. The 
residual oil was then distilled in a microdistilling 
apparatus at 90-95°/3 mm. The sweet smelling oil obtained 
analysed for the following values, 
Analysiss Found: C, 78.06; H, 11.92 
Calculated for C^o%8^' ^» 77.86 5 H, 11.76^. 
It was characterised as geranyl alcohol hy super-
imposahle IR spectrum of an authentic sample and vapour 
phase chromatography. 
Geranyl-3 .SAOiinitrobenzoate s 
To geraniol (100 mg.) dissolved in dry benzene 
was added a solution of 3,5-dinltrobenzoyl chloride (200 mg) 
in dry benzene (10 cc), To the mixture a few drops of 
<iry pyridine were added and it was re fluxed on a water 
bath for ; ^ hour. The reaction mixture was cooled and 
diluted with an excess of ether. The ether-benzene layer 
was shaken first with 5% aqueous solution of sodiiim 
bicarbonate and then with water, dried over anhydrous 
sodium sulphate and filtered. The solvent was removed 
under reduced pressure and the repidue was kept in a 
refrigerator when a white solid separated out. The product 
was washed with cold petroleum ether to remove any un-
reacted oil, the solid thus remained was crystallised 
from methanol melting point 59-60°. No depression was 
observed when admixed with an authentic sample of geranyl-
3,5-dinitrobenzoate. 
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Ozonolysls of S-geranoxypsoralens 
Ozonised oxygen was passed into a solution of 
8-geranoxypsoralen (1 g.) in glacial acetic acid (40 cc) 
imtill oxidation was complete (2 hours). Water (50 cc) 
and Zinc dust (500 mg.) were added and the reaction 
mixture warmed on a water bath till clear. More water 
(100 cc) was then added and the solution was steam 
distilled, the distillate being collected in fractions 
directly into an aqueous solution of 2,4-dinitrophenyl-
hydrazine sulphate gave bulky orange precipitate vrtiich 
dissolved almost completely in hot acetone free methanol. 
The filtered solution^ on cooling^deposited orange needles 
of acetone-2,4-dinitrophenylhydrazone melting point 
124-125 . No depression in melting point on admixture 
with an authentic sample. 
Later fractions of steam distillate gave a bright 
yellow precipitate, insoluble in hot alcohol. This was 
crystallised from nitrobenzene-alcohol mixture melting 
point 232-234 , identified as laevulinic aldehyde. 
Birch reduction of Compound B: 
A three necked 500 ml. round bottom flask was fitted 
with a dry ice condenser, stirrer and a dropping funnel. 
Ammonia (76 cc) was condensed in the flask and sodium 
metal (3 g.) was added in small pieces, producing a blue 
solution. To the vigorously stirring Na/NHg solution 
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Under nitrogen atinosphere compound B (500 mg.) in 20 cc 
of methyl alcohol was added dropwise over half an hour. 
The blue colour of Na/HHg disappeared during the addition, 
some more sodium was added in small pieces to maintain the 
hlue colour for 1 hour. Then heptane (25 cc), granulated 
NII4CI (10 g.) and water (50 cc) were added to the refluxing 
reaction mixtures. After separating the heptane layer, 
the aqueous layer was washed with three 25 cc portions of 
heptane. The comhined heptane extracts were washed with 
water, untill the washings were neutral, dried over anhydrous 
magnesium sulphate and subjected to VPC analysis. The ?PC 
analysis showed peaks attributed to 2-methyl-2-butene and 
traiis-2,6-dimethyl-2,6-octadiene (methylgeraniolene). 
Synthesis of 8~geranorrpsoralen8 
Geranyl bromide: 
Phosphorus tribromide (12 gm.) in petroleum ether 
(40-60°) (10 ml.) was added dropwise during one hour at 
-7° to geraniol (15 g.) in petroleum ether 29 ml. and 
pyridine (2.5 ml.) with constant stirring. The reaction 
mixture was further stirred for 20 minutes at -7°, poured 
over crushed ice, stirred for 15 minutes and then treated 
with petroleum ether (100 ml.). The petroleum ether layer 
was separated, washed twice with water and once with dilute 
solution of sodium bicarbonate, dried (Na2S04) and solvent 
evaporated off. The residue was distilled at 102-103° 
at 3 mm. pressure. 
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Condensation of xanthotoacol and geranyl bromide i 
A mixttire of xanthotoxol (G,2 g,), anhydrous potassium 
carbonate (3 g.), axihydrous acetone (50 ol.) and geranyl 
bromide (2 mL.) was refluxed for 36 hours. Acetone 
solution was filtered and the residue washed flTe tiaies 
with 20 ml. portions of dry acetone. The acetone washings 
were combined with the main bulk and solvent removed* 
The residue dissolved in a ainiraum amount of dry benzene 
and chromatographed over acetic acid deactivated alumina, 
elution with petroleum ether gave a viscous mass, which 
crystallised from petroleum ether in needles melting point 
and mixed melting point 53-54 • The IR spectra of natural 
and synthetic products were superimposable. 
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Benzene extracts 
The petroletim ether exhausted Heraclaam candicans 
root powder (5 kg.) was extracted with benzene in a 
soxhlet for 80 hours. The solvent was removed under 
reduced pressure and the residual viscous mass (500 g.) 
was purified by column chromatography over silica gel. 
Silica gel (100 g.) was made into a slurry with dry 
n-hexane the slurry then poured into a column with constant 
tapping. The above viscous mass (10 g.) was dissolved 
in the minimum amount of ethyl acetate and was mixed 
well with silica gel (26 g.). To this mixtiire hexane 
was added and the slurry was poured over the top of the 
column. The column was then eluted-i with hexane with 
gradually increasing the percentage of ethyl acetate. 
The hexane-ethyl acetate (Isl) eluate^on concentrating^ 
gave a thick mass (500 mg.) which could be crystallised 
from hexane-ethyl acetate mixture. On further crystallisa-
o 
tions from ethyl acetate alone it melted at 117-118 • 
Heraclenols 
o 32 
Heraclenol melting point 117-118 (^ ) = + 16.6 
D 
(pyridine) > max. 249 (log f 4,24), 305 (log ^  4.0) and 
320hru^ log <^3,88), analysed for the following values. 
Analysiss Found: C, 63.25; H, 5.36. 
Calculated for C^ g^K^ eOg* C, 63.155 H, 5.30^. 
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Xanthotoxols 
Heraclenol (200 ag.) was dissolved in glacial acetie 
acid (4 cc) to which concentrated stilphurlc acid (4 drops) 
was added. The reaction mixture was heated on boiling 
water bath for 45 mintites, allowed to stand at room 
temperature overnight, and then poured over crushed ice 
in a beaker. The gummy mass thus separated was filtered 
off, dried and sublimed at 190-200° (bath)/I mm. The 
o 
sublimate was crystallised from ether melting point 248-249 . 
Analysis: Founds C, 64.99; H, 3.16. 
Calculated for C-j_3^ Hg0^ s C, 65.35; H, 2,99^ 
Xanthotoxol acetates 
Xanthotoxol (100 mg.) acetic anhydride (2 cc) and 
fused sodium acetate (20 mg.) were refluxed on a sand bath 
for 1 hour and then worked up as described earlier, 
Xanthotoxins 
Xanthoxol (lOO mg.) was dissolved in methanol (4 cc), 
treated with an excess of ethereal solution of diazomethane 
and the reaction mixture allowed to stand overnight and 
then worked up in the usual manner. 
Xanthotoxin nitrates 
Xanthotoxin (100 mg.) in glacial acetic acid ( 1 cc) 
was treated with concentrated nitric acid (sp.gr. 1.42 
5 drops) at room temperature and then worked up as 
described earlier. 
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Isoheraclenins 
Heraclenol (600 mg.) was dissolved in dry toluene 
(25 cc) and the solution was brought to boiling• Phosphorou 
pent oxide (2 g.) was then added to the boiling mixture and 
boiling continued for further 10 minutes. The reaction 
mixture was cooled, filtered and the filtrate was diluted 
with an excess of ether. The ether-toluene layer was 
washed successively with water, 5 per cent aqueous sodium 
bicarbonate and finally with water, dried over anhydrous 
sodium sulphate. The solvent was filtered off and 
concentrated to dryness under reduced pressure- • The 
o 
residue was crystallised from ether melting point 132-34 • 
In a mixed melting point determination with an authentic 
sample of isoheraclenin^no depression in melting point 
was observed. 
Analysis? Found: C, 67.23; H, 5.10 
Calculated for ^IQ\4PQ' C, 67.12; H, 4.935^ . 
Chromic acid oxidationt 
To heraclenol (1 g.) dissolved in glacial acetic acid 
(15 cc) was added chromium trioxide (0.4 g.) dissolved in 
50^ aqueous acetic acid (20 cc). The reaction mixture 
was allowed to stand at room tenqjerature overnight. It 
was diluted with water and immediately extracted with a 
large excess of ether. The ethereal layer was washed 
with water and dried over anhydrous sodium sulphate. 
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The solvent was filtered off, and concentrated to dryness 
under reduced pressure. The reddish brown residue left 
behind was dissolved in miniBium amount of methyl alcohol 
and treated with diazomethane in ether. The reaction 
mixture was allowed to stand in a refrigerator overnight. 
The solvent was removed and the residual methyl ester 
was dissolved in dry benzene and chromatographed over 
acetic acid deactivated alumina. The benzene eluate on 
evaporation gave a thick mass which on crystallisation from 
methanol melted at 145-147*^, 
Analysiss Found: C, 61,10; H, 3.78 
Calculated for Cj^%o°6* ^' 61,32; H, 3,68^. 
The above methyl ester (300 mg,) was refluxed with 
60,^  aqueous acetic acid (16 cc) for 1 hour. The reaction 
mixture was cooled and then diluted with water to 50 cc. 
On standing for a few hours a yellow crystalline . ^ 
mass separated out. It was filtered dried and recrystallised 
from ethanol to give pale yellow needles melting point 215 . 
Analysis: Found: C, 69.72; H, 3.30 
Calculated for C^ s^HgOg: C, 60.01; H, 3.10^. 
In another similar experiment, the reaction mixture 
was neutralised with an aqueous solution of sodium 
hydroxide with constant cooling and immediately steam 
distilled. The steam distillate was directly collected 
in an aqueous solution of 2,4-dinitrophenylhydrazine 
sulphate when a bulky orange precipitate was obtained. 
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It was dried and crystallised from acetone free methanol 
in orange red needles Halting point 124-125°. Identified 
as acetone-2,4-dinitrophenylhydrazone "by mixed melting 
point with an authentic sample. 
89 
Sesell siblric-gm: 
Extractions 
The powdered air dried Seseli sibirictm roots (10 kg.) 
were refliixed with petroleinn ether (80-100°) 20 litres on 
a water bath for 24 hours. The extract was filtered 
while hot and the process was repeated three times. The 
corahined extracts on concentration under reduced pressure 
gave an oily mass (800 g.). 
Chromatography of the oily mass; 
Deactivated alumina (400 g.) was made into a slurry 
with dry, petroleum^ether (40-60°) and the slurry poured 
into a column. The oily mass (20 g.) dissolved in oSniraum 
amount of benzene was run through the column, it was eluted 
with petroleum ether (40-60°). The petroleum ether eluate 
on concentration gave an oily mass which on keeping in an 
ice chest for 72 hours deposited long needles (1.25 g.) 
identified as osthol. Further elution of the column with 
benzene removal of the solvent from the eluate and 
crystallisation of the residue gave a crystalline mass 
^250 mg.) characterised as fenchyl p-hydroxy cinnamate. 
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Qsthol; 
Osthol melting point 84-85°, Xmax. 215 (log 4; 4,25) 
251 (logf 3.65), 258 (log ^ 3.68) and 322 mAJi(log ^4.19), 
obtained from the petroleum ether eluate of the column 
analysed for the following values: 
Analysis? Founds C, 73.995 H, 6.74. 
Calculated for C3_5H^ gOgS C, 73.75; H, 6.6^, 
Ostholic acids 
To osthol (1 g.) dissolved in glacial acetic acid 
(15 cc) chromium trioxide (800 mg.) dissolved in SO % 
aqueous acetic acid (20 cc) was added and the reaction 
mixture allowed to stand at room temperature for 3 days. 
The reaction mixture was diluted with water and extracted 
immediately with a large excess of ether. The ethereal 
layer was washed with water, dried over anhydrous sodium 
sulphate and solvent was removed under reduced pressure. 
The residue was dissolved in water and allowed to stand 
for some time when light yellow crystals of ostholic 
o 
acid separated out, melting point 253-254 • 
Ostholic acid methyl esters 
Ostholic acid (500 mg.) dissolved in methanol (10 cc) 
was treated with diazomethane in ether. The reaction 
mixture was allowed to stand overnight, and the solvent 
was removed. The residue was crystallised from methanol 
o 
melting point 140-141 . 
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T-Methoxy-S-methyl coumarlns 
To Ostholic acid (1.5 g.) in qulnoline (80 cc) were 
added copper turnings (8 g.) and the reaction mixture was 
refluxed for 45 minutes on a sand bath. It was cooled, 
diluted with an excess of ether and filtered. The 
filtrate was washed several times with 3% aqueous hydro-
chloric acid and then with water and dried over sodium 
chloride. The solvent was removed and the dark coloured 
residue was dissolved in benzene, and chromatographed over 
acetic acid deactivated alumina, Elution of the column 
with benzene and evaporation of the solvent gave a slightly 
coloured mass, crystallised from benzene-petroleum ether 
mixture melting point 136-137° (Sublime). 
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Fenehyl t-hydroxy elnnamatea 
G 
Fenehyl p-hydroxy einnamate melting point 215-216 , 
^max. 230 (log ^  4,19) and 320 m/U.(log^ 4,45) gave the 
following analytical values. 
Analysis; Founds C, 76.80; H, 8.36. 
Calculated for C^9H24035 G, 75.97; H, 8.06^. 
Acetate of fenehyl p-hvdroxy einnamate; 
Fenehyl p-hydroxy einnamate (500 mg.) acetic anhydride 
(5 ce) and pyridine (0.5 cc) were heated together on a 
water bath for two hours and then kept at room temperature 
overnight. The reaction mixture was poured over crushed 
ice contained in a heaker, allowed to stand with occasional 
stirring when a colourless substance separated out. The 
solid product was filtered off and crystallised from 
methanol in colourless needles, melting point 95 . 
Analysis; Found: C, 73.36; H, 7.51 
^21^26^4 r®<l^ ir®s C, 73.66; H, 7.66^. 
Hydrolysis of fenehyl p-hydroxy einnamate; 
Isolation of Fenehyl alcohol; 
Fenehyl p-hydroxy einnamate (1 g.) and methanolic 
potassium hydroxide 10^ (50 cc) were refluxed for 4 hours 
on a water bath. The solvent was removed under reduced 
pressure and the residue diluted with water (10 cc) and 
extracted thrice with 50 ce portions of ether. The 
ethereal layer was washed with water, dried over anhydrous 
sodium sulphate and the solvent filtered off. Evaporation 
of the solvent gave an oily residue which was distilled at 
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70°/16 mm. The distillate on keeping in an ice chest 
solidified to a colourless crystalline mass melting 
point 39-40°. 
Isolation of p-coumaric acids 
The aqueous layer from the above alkaline hydrolysate 
was acidified with dilute hydrochloric acid and then 
extracted with ether. The ethereal extract was washed 
with water, dried over anhydrous sodium sulphate and 
the solvent removed. The residue was crystallised from 
petroleum ether (40-60*^ ) to colourless needles melting 
point 208-212°. This was further purified by sublimation 
o 
in vacuum. The sublimate melts at 212-214. 
Analysis: Founds C, 66.92; H, 5.24 
Calculated for CgHgOgS C, 65.85; H, 4.91J^ . 
Acetate of p-coumaric acids 
p-Coumaric acid (100 mg.) acetic anhydride (2 cc) 
and pyridine (0.2 cc) were heated together on a "vrater 
bath for 2 hours and then left at room temperature over-
night. The reaction mixture ims poured over crushed ice 
and stirred well. The separated colourless mass was 
filtered off and crystallised from methanol melting 
o 
point 208-210 . 
Hydrolysis of fenchyl p-hydroxy cinnamate mono-methyl ether; 
Penchyl p-hydroxy cinnamate (1 g.) dissolved in 
methyl alcohol (5 cc) was treated with diazomethane in 
ether and left overnight. The solvent was removed and the 
residue left behind failed to crystallise. This crude 
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product was then hydrolysed with 10^ methanolic potassitim 
hydroxide (25 cc) by re fluxing for 4 hours on a water bath. 
The solT^ ent was removed under reduced pressure and the 
residue was diluted with water and extracted with ether. 
The ethereal solution was washed with water, dried over 
anhydrous sodium sulphate and the solvent was filtered off. 
Evaporation of the solvent and distillation of the residue 
gave fenchyl alcohol. 
The aqueous layer from alkaline hydrolysate was 
acidified with dilute hydrochloric acid and extracted 
with ether. The ethereal layer was washed with water and 
dried over anhydrous sodiuln sulphate, the solvent was 
filtered and evaporated off. The residue^as crystallised 
from methanol when colourless needles of p-methoxy 
o 
cinnamic acid were obtained, melting point 175 . 
p-Nitrobenzoate of fenchvl alcohol; 
Fenchyl alcohol (100 mg.) and p-nitrobenzoyl chloride 
(100 mg.) wer8 heated on a water bath for 45 minutes. The 
mixture was cooled and the product was decomposed with 
5 per cent aqueous solution of sodium bicarbonate. The 
solid thus obtained was filtered on a Hirsh funnel and 
washed first with 5% aqueous sodium bicarbonate solution 
and then with water. On crystallisation from methanol 
slightly coloured rods of p-nitro benzoate of fenchyl 
o 
alcohol were obtained, melting point 107-109 . 
Analysis; Founds C, 67.27; H, 6.68. 
Calculated for Cy^B^^P^* C, 67.31; H, 6.98^. 
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Synthesis of fenchyl p-hydroxy ciimamate? 
•p-Acetoxy clnnamoyl chlorides 
p-Acetoxy cinnamic acid (500 mg.) and thionyl chloride 
(1 ec) were heated together on a water "bath for 45 minutes. 
The excess of thionyl chloride was distilled off on the 
water bath tmder reduced pressure. The etude product left 
behind was used immediately as such. 
Cfondensation of ,p-acetoxy cinnamoyl 
chloride and fenchyl alcohol? 
p-Acetoxy climamoyl chloride (500 mg.) and fenchyl 
alcohol (1 cc) were heated together on a water bath for 
45 minutes. The reaction mixture was cooled and titurated 
with 5% aqueous solution of sodium bicarbonate and then 
washed with water on a Hirsh funnel till free from alkali. 
The gummy mass left behind was crystallised from methanol, 
o 
melting point 216-217 . In a mixed melting point determi-
nation with an authentic sample no depression in melting 
point was observed. 
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Angelica glauca Bdev: 
Extractions 
Powdered air dried seeds of Angelica glauca (300 g.) 
were extracted with hexane in a soxhlet apparatus for 
36 hours. The extract on concentration and cooling 
deposited a yellow solid (3 g.) which was filtered and the 
filtrate again concentrated and kept in refrigerator when 
a further quantity (3 g.) of the solid separated out. 
Total yield amounted to 2 per cent. 
The solid was dissolved inc(6ther and extracted thrice 
with 5% aqueous sodium bicarbonate and once with water. 
The organic phase was dried over anhydrous sodium sulphate, 
filtered and solvent removed. Crystallisation from ether-
hexane afforded a yellow crystalline mass. 
Thin layer chromatographic analysis on alumina plates 
run with a mixture of ethyl acetate-hexane showed it to be 
a mixture of three components. 
Separation of the comnonentss 
The above mixture (2 g.) was made into a slurry with 
ethyl acetate and alumina (25 g.) and the solvent completely 
evaporated to give a homogeneous deposit of the material 
over alumina. The alumina was placed on a column of 
deactivated alumina (125 g.) and eluted with hexane-
ethyl acetate mixture while gradually increasing the 
amount of ethyl acetate. 100 cc fractions of the eluate 
were collected and each fraction was checked for its 
homogeneity on chromatostrips. 
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Fraction Nos. Compound M^ing point 
1-8 Single «A« 109-110° 
9-41 Mixture 
42-60 Single »B' 103-104° 
61-65 Mixture 
66-75 Single «C' 119-120° 
The mixed fractions were collected and rechromato-
graphed• 
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Isolmperatorins 
Fract ion 'A* melting point 109-110° (methanol) had 
methanol 
the following peaks in its ultraviolet spectrum X 
max. 
222,250,268 and 310 ra<x.. 
Analysis! Founds C, 70.54; H, 5.17 
Calculated for C^gH^^O^: C, 71.10; H, 5.22^. 
Bergaptols 
Isoiraperatorin (100 mg.) was dissolved in glacial 
acetic acid (2 cc) containing concentrated sulphuric 
acid (2 drops) and heated on a water bath for 45 minutes. 
The reaction mixture was left overnight at room temperature, 
poured over crushed ice and the separated material washed 
thoroughly with water, melting point 278-280. No depression 
in mixed melting point with an authentic sample, 
Berganteni 
Bergaptol (200 mg.) was methylated with ethereal 
solution of diazomethane. Removal of the solvent gave 
brownish colour residue which was dissolved in benzene and 
chromatographed over deactivated alumina. Benzene eluate 
o 
gave colourless needles melting at 189 . No depression 
was observed in a mixed melting point determination with 
an authentic sample of bergapten. 
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Prangolarlns 
Fraction 'B' was crystallised from hexane-ethyl acetate 
mixture and melted at 103-104 , and showed a molecular ion 
peak at 286 in its mass spectrum. Ultraviolet spectrum 
methanol 
showed absorptions at A 222, 250, 268 and 310 mxu 
max. 
Analysis; Founds C, 66.75; H, 5.14 
Calculated for ^IQ\4PQ^ C, 67.12; H, 4.93^. 
Bergaptols 
Prangolarin (100 mg.) glacial acetic acid (2 cc) and 
concentrated sulphuric acid (2 drops) were heated on a 
water bath for 45 minutes and worked up as described 
earlier. The solid obtained was identified as bergaptol. 
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Compound Cs 
The third component of the mixture, fraction C, 
o 
after crystallisation from ethyl acetate melted at 119-120 , 
it showed a molecular ion peak at 318 in its mass spectrum. 
methanol 
The ultraviolet spectrum showed absorptions at, A 
max, 
220, 250, 268 and 310 ra^. 
Analysis! Found: C, 63.96; H, 5,69 5 OMe, 9,3 
C-LY^gOg requires: C, 64.14; H, 5.70; OMe, 9,1%, 
B I B L I O G R A P H Y 
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Abstract—A new furocoumarin, heraclenin, has been isolated from Heiacleum candicans and its 
structure has been established as 8-(/3,>'-oxido-isoamyloxy)-psoralen. 
SKIN photosensitizing action of a number of furocoumarins has been discussed by 
Musajo and Rodighiero' and Pathak and Fitzpatrick.^^^ The results of these investi-
gations have estabhshed that the essential requirement for this property is the presence 
of a linear furocoumarin nucleus. Furocoumarins having free phenolic hydroxy 
groups are inactive but the activity is restored on alkylation. As regards these alkyl 
ethers, the methyl and ethyl ethers are most active and from there on the activity is 
gradually reduced with the lengthening of the side chain, even so oxypeucedanin was 
found to possess photosensitizing activity. 
In this connexion it was felt that investigation of other naturally occurring 
coumarins could be of some interest. We report here the isolation of a new furo-
coumarin, heraclenin(I) which has been obtained from Heracleum candicans 
(Umbelliferae). 
Heraclenin (I) m.p. 111°, (a)|f == +22 analyses for CigHi40g and its UV spectrum 
is similar to that of imperatorin(II) (Fig. 1). The molecular formula differs from that 
of imperatorin by the presence of an extra oxygen atom. Treatment of the compound 
with acetic acid-sulphuric acid mixture, under conditions generally used for the 
cleavage of the side chain in furocoumarins, affords a phenolic product (III) C11H6O4 
m.p. 248-249°, which gives a pale green ferric chloride reaction, forms an acetate 
m.p. 178° and methyl ether m.p. 146-147°. These agree with the m.p. of xanthotoxol 
(III) and xanthotoxin (IV) respectively. Xanthotoxol acetate has not been reported. 
Identity of the cleavage product with xanthotoxol was confirmed by comparison with 
an authentic sample. 
The extra oxygen atom in heraclenin must, therefore, be present in the CgHg side 
chain, possibly in an epoxide linkage since the IR spectrum of the compound does 
not show hydroxy band. This is supported by the hydrolysis, under mild acidic 
conditions, to a diol (V) CigH^gOe m.p. 117-118°. Oxidation with chromic acid in 
acetic acid gave acetone and an acid (VI) CigHgOg m.p. 215°. This indicates that the 
CgHgO residue in heraclenin is similarly constituted as in the isomeric oxypeucedanin 
' L. Musajo and G. Rodighiero; Experimentia 18, 153 (1962). 
= M. A. Pathak and T. R. Fitzpatrick, / . Investig. Dermatol. 32, 255 (1959). 
3 M. A. Pathak and T. R. Fitzpatrick, / . Investig. Dermatol. 32, 509 (1959). 
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(VII), which gives acetone and oxypeucedaninic acid (5-co-carboxymethoxy-4',5',6,7-
furocoumarin), on chromic acid oxidation. Compound VI has accordingly been 
formulated as 8-a)-carbomethoxy-4',5',6,7-furocoumarin. Schonberg and Sina,* who 
synthesized this acid, have reported 210° as the melting point. 
On refluxing in toluene over phosphorous pentoxide or on boiling with dilute 
mineral acids heraclenin iis converted in good yield to a ketone (IX) C^^Yi^fi^ m.p. 
132-134° formed by opening and rearrangement of the epoxide ring. The IR spectrum 
of this compound has a doublet in the carbonyl region (5-75 and 5-8 fi). It has been 
named isoheralcenin in conformity with the nomenclature adopted by Spath for the 
rearrangement product of oxypeucedanin.® Treatment of oxypeucedanin with sodium 
acetate-acetic anhydride gives a diacetate, however, heraclenin does not form a 
diacetate on refluxing with this mixture. In all other reactions heraclenin and 
oxypeucedanin are analogous. 
The structure of heraclenin (I) as 8-(;3,y-oxido-isoamyloxy)-psoralen was further 
confirmed by the oxidation of imperatorin with perbenzoic acid according to Spath,^ 
* A. Schonberg and A. Sina, / . Amer. Chem. Soc. 72, 4826 (1950). 
^ E. Spath and K. Klager, Ber. Dtsch. Chem. Ges. 66, 914 (1933). 
= E. Spath and H. Holzen. Ber. Dtsch. Chem. Ges. 68, 1123 (1935). 
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when a compound m.p. 114-115°, reported by him, was obtained. The synthetic 
compound oxyimperatorin, being racemic, gives a depression in m.p. with heraclenin 
(I) but has a superimposable IR spectrum. 
Heraclenin has not so far been reported to occur naturally though its presence in 
the extract of masterwort {Imperatoria ostruthium) was suspected by Spath.^ 
Imperatorin 
Heraclenin 
220 30 40 50 60 70 80 90 300 10 20 30 40 50 60 
FIG 1 
EXPERIMENTAL 
All UV spectra were measured in a Beckmann model DU instrument in 95 % ethanol. IR spectra 
were taken on a Perkin Elmer Infracord either in chloroform solutions or as mulls in nujol. 
Isolation of heraclenin (I). Air dried finely powdered roots (2 kg) of Heracleum candicans were 
extracted with pet. ether (40-60°) in a soxhlet for 20 hr. On cooling the extract deposited a yellow 
solid (120 g), 5 g of which was dissolved in benzene and chromatographed over deactivated alumina 
(250 g) prepared by shaking with 10% aqueous acetic acid for 2 hr. Elution with pet. ether (40-60°) 
afforded a small quantity of a low melting product. Further elution with benzene-pet ether mixture 
(1:5) gave a crystalline product m.p. 82°. Finally, elution with benzene-pet ether mixture (1:1) 
yielded heraclenin (1-5 g). After crystallization from methanol it melted at 111°, (a)^^ = +22 
(pyridine), Ama^ . 250 m^ (log e 4-31), 305 m^ (log e 4-02). (Found: C, 67-08; H, 4-99; CisHuOs 
requires: C, 67-12; H, 4-93%). 
Xanthotoxol (III). Heraclenin (1 g) was dissolved in glacial acetic acid (20 ml) to which cone 
H2SO4 (20 drops) were added. The reaction mixture was heated on a water bath for 30 min, cooled 
and then poured over crushed ice. The gummy substance which separated out was sublimed at 1 mm, 
190-200° (bath temp). Crystallization of the sublimate from ether gave crystals of xanthotoxol m.p. 
248-249°. 
Xanthotoxin (IV). Xanthotoxol (200 mg) in methanol (2 ml) was treated with excess diazo-
methane in ether and left overnight. The residue was dissolved in benzene and chromatographed over 
deactivated alumina with the same solvent. Xanthotoxin was crystallized from benzene-pet ether 
m.p. 146-147°. 
Xanthotoxol acetate. Xanthotoxol (500 mg) acetic anhydride (5 ml) and fused sodium acetate 
(100 mg) were refluxed 1 hr. The mixture was cooled, poured over crushed ice and the acetate was 
crystallized from methanol m.p. 178°. (Found: C, 64-88; H, 3-51; C^HsOj requires: C, 63-94; 
H, 3-30%). 
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Heraclenin hydrate (V). A solution of heraclenin (200 mg) in water (50 ml) was heated on a water 
bath, oxalic acid (50 mg) was added and heating continued for 10 min. The material which separated 
on cooling was washed with water and crystallized from ethyl acetate m.p. 117-118°. (Found; 
C, 63-28; H, 5-39, CicHieOe requires: C, 63-15; H, 5-30%). 
Isoheraclenin (IX). Heraclenin (1 g) was dissolved in dry toluene (50 ml) and brought to boiling 
P2O5 (4 g) was added and the mixture refluxed for another 10 min, cooled and filtered. The filtrate 
was diluted with ether and the e;ther-toluene solution extracted with NaHCOaaq., washed with water 
and dried (Na^SO}). The solvent was removed under vacuum and the residue crystallized from ether, 
m.p. 132-134°. It formed a crystalline 2,4-dinitrophenylhydrazone. (Found: C, 67-33; H, 5-06: 
CieHijOj requires: C, 67-12; H,4-93%). Heraclenin was also isomerized to isoheraclenin with 10 °<, 
HsSO,. 
8-co-Carbooxymethoxy-4',5',6,7-furocoumarin (VI). To heraclenin (3 g) dissolved in glacial acetic 
acid (45 ml), chromium trioxiiie (1-2 g) in 50% aqueous acetic acid (60 ml) was added, and the 
solution allowed to stand for 24 hr at room temp. The reaction mixture was diluted with water and 
extracted with a large excess oi" ether. The ethereal solution was washed with water dried (NaaSOj) 
and solvent removed under va(;uum. The reddish brown residue obtained was dissolved in methyl 
alcohol and methylated with excess diazomathane in ether. The methylated product was dissolved in 
benzene and chromatographed over acid treated alumina. The benzene eluate on evaporation de-
posited pale yellow needles. It was crystallized from alcohol m.p. 146-147° (Found: 61-16; H, 3-73; 
CijHioOe requires: C, 61-32; H, 3-68%). 
The above ester (0-3 g) was refluxed with 50% acetic acid (16 ml) for 1 hr. It was cooled and 
diluted with water to 50 ml and after standing a yellow coloured solid separated. This crystallized 
from alcohol in pale yellow crystals m.p. 215° (m.p. reported by Schonberg and Sina 210°).* (Found: 
C, 59-66; H, 3-30; Calc. for C^HsOs: C, 6001; H, 3-10%). 
Acetone. In another experiment the reaction mixture obtained by the above oxidation was 
neutralized with NaOH under cooling and immediately steam distilled. The distillate was collected 
in an aqueous solution of 2:4-dinitrophenylhydrazine and the 2,4-dinitrophenylhydrazone derivative 
of acetone crystallized from methanol and was identified by mixed m.p. with an authentic sample. 
Oxy-imperatorin. Imperato)-in (0-003 moles) was dissolved in chloroform (2 ml) and a solution of 
perbenzoic acid (0-004 moles) in chloroform was added with gradual shaking. The reaction mixture 
was then allowed to stand at room temp for 3 days, diluted with ether and washed with NaHCOjaq, 
The ether-chloroform layer was dried (Na-iSOJ. The solvent was removed and the residue dis-
solved in benzene and chromatographed over deactivated alumina. The oily substance obtained 
crystallized from benzene-pet ether (40-60°) m.p. 114-115°, and was identical with that reported by 
Spath. (Found: C, 67-19; H, 507; Calc. for CieHuOs: 67-12; H, 4-93%). 
This product was found to Ije identical with heraclenin by superimposable IR spectrum. 
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Chemical Examination of Heracleum candicans. II 
Isolation and Structure of a New Furocoumarin, Heraclenol 
Isolation and structure of a new furocoumarin, heraclenin, 
from petroleum ether extract of the roots of Heracleum can-
dicans (Umbelliferae) has already been reported in a previous 
communication. After extraction with petroleum ether the 
drug was further subjected to extraction with hot benzene 
in a soxhlet, and another furocoumarin, heraclenol (I), 
CjjHjgOg, m.p. 117—118°, (a)|i^= + 16.5 (pyridine) was ob-
tained. I t was purified by column chromatography over 
silicic acid with n-hexane and ethyl acetate mixture (1:1) and 
crystallized first from ethyl acetate-n-hexane and then from 
ethyl acetate alone. 
CHa 
I " I 
O—CHa—CH~-C—CHs 
OH OH 
I 
The ultraviolet spectrum of the compound was similar to 
that of heraclenin and the infrared spectrum also indicated pre-
sence of a furocoumarin nucleus. Degradation of this by acetic 
acid-sulphuric acid mixture gave a phenolic product, CJJH5O4, 
m.p. 248—49°, identified as xanthotoxol by comparison with 
an authentic sample. Chromic acid oxidation afforded an 
acid, CjgHgOg, m.p. 215°. identified as 8-a)-carboxymethoxy-
4',5',6,7-furocoumarin identical with the degradation pro-
duct obtained from heraclenin. 
Heraclenol when subjected to dehydration with P3O5 in 
toluene gave a ketone, CjgHj^Oj, m.p. 132—134° identical 
with isoheraclenin (m.m.p.). 
Identity of heraclenol as 8-(/3,7'-dihydroxyisoamyloxy)-
psoralen (I)i) was finally established by comparison with an 
authentic sample, which was earlier synthesized by us through 
the oxalic acid h}rdrolysis of heraclenin and named heraclenin 
hjrdrate. Both the samples gave no depression in a mixed m.p. 
determination and had superimposable IR spectra. 
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Abstracts 
8-Geranoxypsoralen was isolated from H. candicans 
and characterised by degradations and synthesis. 
In previous communications the isolation of two 
1 2 
furocoumarins heraclenin and heraclenol, from Heracleum 
candicans roots was reported. The former compound was 
obtained when the crude coumarin mixture from the peteroleum 
ether extract of the plant roots was chromatographed over 
3 
deactivated alumina using petroleum ether-benzene in the 
ratio of Isl for elution, and was found to be the major 
coumarin constituent of the plant. Evaporation of the 
petroleum ether and petroleum ether-benzene (5sl) eluates 
also gave two other compounds in small amounts which 
crystallised well and had melting points (A) 53-54° and 
(B) 82-83 respectively. Heraclenol mentioned above is not 
present in the petroleum ether extract and was obtained on 
subsequent extraction of the roots with benzene. 
1. Y.N.Sharma, A.Zaman, and A.R.Kidwai, Tetrahedron, 2^, 
87 (1964). 
2. Y.N.Sharma, R.C.Sharma, A.Zaman and A.R.Kidwai, 
Haturwiss, 22, 637 (1964). 
3. P.Crabbe, P.P.Leming and C.Djerassi, J.Amer.Chem.Soc, 
80, 5258 (1958), 
( ii ) 
The furocoumarin nature of the two compoimds was 
indicated by the presence of three strong absorption maxima 
4 
in their U.V. spectra typical of the furocoiiraarins, I.R. 
spectra of both A and B showed absence of free hydroxy and 
the presence of 6-meffibered-c<,^ -unsaturated lactone 
carbonyl. Acid catalysed degradation of compound 'A* gave 
xanthotoxol and a fragrant oil which was identified as 
geranyl alcohol by VPC and comparison of its 3s5-dinitro-
benzoate with an authentic sample. This suggested that the 
compound was 8-geranoxypsoralen reported earlier by W.L.Stanley 
5 
and co-workers. However, as the same degradation products 
were obtained from compound B, showing this also to be 
8-geranoxypsoralen5 it was suspected that one or the other 
of these compounds was either a mixture or a geometrical 
isomer which could only mean that it was neryl instead of 
geranyl ether. Both compounds gave single fluorescent spots 
6 
on chromatostrips having identical R^ value, but analytical 
value of compound 'B* did not agree with those required for 
8-geranoxypsoralen. 
Comparison of the two products with a sample of 
8-geranoxypsoralen kindly placed at our disposal by Dr. W.L, 
Stanley showed that compound A was identical with this. 
4, D.P.Chakraborty and S.K.Chaudhary, Trans.Bose Res.Inst., 
24, 15 (1961). 
6, W.L.Stanley and S.H.Vannier, J.Amer.Chem.Soc, 79,3488(19571 
6. J.M.Miller, J.G.Krichner, and G.J.Killer, Anal.Chem., 
23, 420 (1951). 
( iii ) 
The sample sent by him melted here at 53-54°, as against 
61-62 reported by him. However, Stanley and co-workers 
had assigned this structure to their compound merely on the 
basis of isolation of xanthotoxol on acid degradation and 
indication of the presence of a C-J^ Q side chain from the 
analytical values. They failed further, to isolate any 
7 
leavulinic aldehyde on ozoholysis. The isolation of two 
compounds having different melting points but giving 
identical cleavage product made a re-investigation of the 
nature of the side chain necessary. 
Infrared spectra of the two compounds differed only in 
the presence of an extra hand at 10.6 h. in the spectrum of 
compound A. The U.7. spectra were also identical. Ozonolysis 
Space for I.R.speftra. 
of both compounds gave leavulinic aldehyde and acetone which 
were identified as 2s4-dinitrophenylhydrazone derivatives, 
thus excluding any difference in the attachment of the side 
chain to the coumarin residue. This left only the possibility 
of compound B being either the cis isomer or contaminated 
with some other impurity. 
Recently the nature of the side chain in mycelianamide 
8 
was re-investigated by Bates and co-wokkers and the same 
methods were applied in this case. The stereochemistry of 
7. W.L.Stanley, Proc. Third, Ann.Symp. P.P.G.N.A. Toronto, 
79 (1963). 
8. R.B.Bates, J.H.Schauble and M.Soucek, Tetrahedron Letters, 
25, 1683 (1963). 
( iv ) 
of the side chain was established hy Birch reduction. 
Gompoimd B was treated with sodium in liquid ammonia, the 
reaction mixture after complete reduction was diluted with 
water and heptane, VPC analysis of the product obtained 
from the organic phase showed peaks attributed to trans-2, 
6-dimethyl-2,6-octadiene (methylgeraniolene) and 2-methyl-
2-butene, thereby indicating it to be a mixture of impera-
torin and 8-geranoxypsoralen. Sufficient material was not 
available for a similar degradation of compound A, but the 
presence of a geranyl side chain here also could be established 
by comparison with synthetic material. The problem of 
difference in the melting points of these two compounds was 
settled by comparison of the HMR spectra of the two, A doublet 
at 4,82|^ue to -O-CHg-CsC- occurs in both Cg and C,Q compounds 
while the absorption at 7.9ircomes from -CsC-CHg-CHg-CsC-
which occurs only in the C^Q compound. The integrated 
intensities of compound B show a 2 to 1 ratio in favour of 
the -C^CHg-CsC protons. Thus the side chain must consist of 
3 times as much Cg as C,Q. This along with the above degrada-
tions suggested that it was a mixture of 8-geranoxypsoralen 
and imperatorin in the ratio of 1:2, This is also in 
agreement with the analytical values. Repeated attempts to 
separate the two compounds on chromatostrips on various 
aflsorbents did not succeed. It was found that authentic 
8-geranoxypsoralen when mixed with imperatorin in -.about 
the same proportion does not separate from this on chromato-
st rips or on paper chromatograms. 
( V ) 
An attempt was made to synthesise ^-geranoxypsoralen 
9 
using the procedure of Chatterjee and Chaudhary for the 
synthesis of bergamottin but this did not succeed. It could, 
10 
however, be synthesised by the method of Schonberg and Sina, 
by refluxing xanthotoxol, geranyl bromide in dry acetone 
over potassium carbonate. The product after purification 
gave no depression in mixed melting point with the natural 
sample• 
9. A.Chatterjee and B.Chaudhary, J.Chem.Soc, 2246 (1961). 
10. A.Schonberg and A.Sina, J.Amer.Chem.Soc, 72, 4862 (1950). 
( vi ) 
EXPERIMENTAL 
All ultraiolet spectra were measured in a Beckmann 
model DU instrument in 95^ ethanol. Infrared spectra were 
taken in a Parkin Elmer Infracord either in chloroform 
solutions or as mulls in nujol, and NMR spectra were taken on 
a Varian A-60 spectrometer. 
Isolations 
5 gms of the crude mixture of coumarins obtained from 
the petroleum ether extract of Heracleum candicans roots 
(80 g.) -was chromatographed over acetic acid deactivated 
alumina, with petroleum ether to give 100 mg. of a low 
melting semi solid product, sparingly soluble in petroleum 
ether. Repeated crystallisations from a large excess of 
o 
this solvent afforded stout needles melting point 63-54 , 
Xmax. 215 m>a(log^ 4.51) 248 m/a(log f 4.42) and 298 i^'W 
(log (c 4.13). 
Analysiss Calculated for ^2.-]^2/^^' C, 74.09; H, 7.11 
Founds C, 74.32; H, 6.73. 
Continued elution of the column with petroleum ether 
benzene (5si) gave 500 mg. of a solid insoluble in petroleum 
ether, which crystallised from methanol in needles melting 
point 82-83^ \ max. 217 m/u (log ^  4.47), 248 m^^ (log 4 4,42) 
and 298 m/u(log ^  4.05). 
Thin layer chromatographys Chromatostrips for this were 
prepared according to the procedure of Krichner and Miller 
using alumina (E.Merk) containing 2^ of starch. Both the 
( vii ) 
products gave one fluorescent spot having identical R^ 
value^chroraatostrips were developed with petroleum ether 
benzene (7i3). 
Acetic acid cleavages Compound A (2 g.) was treated with 
glacial acetic acid (2 ml.) in an oil bath at 115-120 for 
1^ hours. The reaction mixture was allowed to stand over-
night at room .-temperature when a solid separated out. 
This was extracted thrice with 50 ml. portions of hexane and 
the combined hexane layers were washed with water and 
^^2^^3 *° remove acetic acid. The hexane extract on 
evaporation left a sweet smelling oil which was hydrolysed 
directly with 10^ methanolic potash to give 200 mg. of 
geraniol, 
Analysist Calculated for C3_oH;j_gO: C, 77.86; H, 11.76 
Founds C, 78.56; H, 11.92. 
The solid left behind after the extraction of the 
reaction products with hexane was crystallised from ether-
hexane to give light yellow crystalline mass, identified 
as xanthotoxol. 
Analysis: Calculated for CnHgO^s C, 65.36; H, 2.99. 
Founds C, 64.98; H, 3.14. 
Xanthotoxol acetates Xanthotoxol (500 mg.) acetic 
anhydride (5 ml.) and fused sodium acetate (100 mg.) were 
refluxed for 1 hour. The mixture was cooled, poured over 
crushed ice and the acetate crystallised from methanol 
melting point 178°. 
( viii ) 
Analysiss Calculated for C-ISS-^PP,- C, 63,94; H, 3.30. 
Fotmds C, 64.88; H, 3.51, 
Xanthotoxlns Xanthotoxol (500 mg«) in methanol (5 ml.) 
was treated with an excess of diazomethane in ether and 
left overnight. The residue was dissolved in benzene and 
chromatographed over acetic ai£id deactivated alumina, 
o 
elution with benzene gave a product melting point 146-147 
after crystallisation from benzene petroleum-ether. 
Xanthotoxin nitratet Xanthotoxin (100 mg,) in glacial 
'acetic aiid (5 ml,) was treated with nitric acid (sp,gr, 1.42) 
(•^ml,). The reaction mixture after standing at room 
temperature for 2 hours and dilution with water gave a bright 
yellow solid melting point 236 (Methanol). 
3i5-dinitrobenzoate of geraniol? The oil obtained as above 
(100 mg.) in dry benzene (10 ml.) was treated with a 
solution of 3s5-dinitrobenzoyl chloride (200 mg.) in dry 
benzene (10 ml.) with the addition of 2 drops of pyridine 
and the mixture heated on a water bath for 20 minutes. 
The reaction mixture, diluted with an excess of ether and the 
ether-benzene layer washed thoroughly with cold water 
dried (Na2S0^) and the solvent removed in vacuum. Residue 
crystallised from methanol melting point and mixed melting 
point 62-63 . 
Ozonolysis of compound A: A solution of compound A (500 mg) 
in glacial acetic acid (20 ml.) was treated with ozonised 
oxygen for 2 hours. Water (30 ml.) and Zinc dust (100 mg.) 
( ix ) 
was then added and the mixture >ra.rmed on a water bath till 
it became clear. After dilution with a further quantity of 
water (70 ml.) the solution was steam distilled and the 
distillate collected directly in fraction in 2N sulphuric 
acid solution of 234-dinitrophenylhydrazine. The first 10 ml, 
of distillate yielded a bullsy orange precipitate which 
dissolved completely in hot methyl alcohol. The filtered 
solution on cooling deposited orange plates of acetone-2s4-
dinitrophenylhydrazone melting point and mixed melting point 
123-124°. Later fractions of the steam distillate gave a 
bright yellow derivative which was crystallised from nitro-
benzene-alcohol to give a powder identified as laevulinic 
aldehyde, melting point and mixed melting point 233-234°. 
Birch Reduction of Compound Bs A three necked 600 ml. 
round bottom flask was fitted with a dry ice condenser, 
stirrer and a dropping funnel. Ammonia (75 ml.) was condensed 
in the flask and sodium metal (3 gm.) was added in small 
pieces, producing a blue solution. To the vigorously 
stirring Na/NH3 solution under an Ng atmosphere compound 
B (500 mg.) in 20 ml. of methyl alcohol was added dropwise 
over I- hour. The blue colour of Ka/NH3 disappeared during 
the addition, so some more sodium was added in small pieces 
to maintain the blue colour for 1 hour. Then heptane (25 ml.) 
granulated NH4CI (10 g.) and water (50 ml.) were added to the 
refluxing reaction mixture. After separating the heptane 
layer, the aqueous layer was washed with three 25 ml. portions 
of heptane. The combined heptane extracts were washed with 
( X ) 
water, lantill the washings were neutral dried over MgSO^ and 
subjected to VPC analysis. The VPC analysis showed peaks 
attributed to 2-methyl-2-'butene and trans-2, 6-diraethyl-2, 
6-octadiene (methylgeraniolene), 
Geranyl bromides Phosphorus tribromide (12 gm.) in petroleum 
ether (40-60°) (10 ml.) was added dropwise during one hour 
at -7 to geraniol (15 g.) in petroleum ether 29 ml. and 
pyridine (2.5 ml.) with constant stirring. The reaction 
mixture was further stirred for 20 minutes at -7 , poured 
over crushed ice, stirred for 15 minutes and then treated 
with petroleum ether (100 ml.). The petroleum ether layer 
was separated, washed twice with water and once with dilute 
solution of sodium bicarbonate, dried (Na2S0^) and solvent 
evaporated off. The residue was distilled at 102-103 at 
3 mm. pressure. 
Condensation of xanthotoxol and geranyl bromide; A mixture 
of xanthotoxol (0.2 g.), anhydrous potassium carbonate (3 g,), 
anhydrous acetone (50 ml.) and geranyl bromide (2 ml.) was 
refluxed for 36 hours. Acetone solution was filtered and 
the residue washed five times with 20 ml. portions of dry 
acetone. The acetone washings were combined with the main 
bulk and solvent removed. The residue dissolved in a 
minimum amount of dry benzene and chromatographed over 
acetic acid deactivated alumina, elution with petroleum ether 
gave a viscous mass, which crystallised from petroleum 
( xi ) 
o 
ether in needles melting point and mixed melting point 63-54 . 
The IR spectra of natural and synthetic products were 
superimposable, 
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